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FIG.2 CONFIGURATION EXAMPLE OF CONTROL
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CONFIGURATION EXAMPLE OF POLYGON

IMAGE FORMATION

MIRROR DRIVE SYSTEM FOR EACH COLOR
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FIG. 8 CONFIGURATION EXAMPLE OF CONTROL
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FIG. 10

CONFIGURATION EXAMPLE OF POLYGON
MIRROR DRIVE SYSTEM INCLUDING PSEUDO
IDX GENERATING CIRCUIT
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FIG. 14
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L mm

EXAMPLE OF PAPER SIZE SHRINKAGE IN
DOUBLE FACE IMAGE FORMATION

FIG. 17
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COLLOR IMAGE FORMING APPARATUS
HAVING MAGNIFICATION CORRECTION
FUNCTION

CROSS REFERENCE TO RELATED 5
APPLICATION

The present application 1s based on Japanese Patent Appli-
cation No. 2005-274553 filed with Japan Patent Office on

Sep. 21, 2005, the entire content of which 1s hereby incorpo- 10
rated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field 15

The present invention relates to an image forming appara-
tus that 1s preferably applied to a black-and white or color
digital multifunctional machine equipped with copying func-
tions, facsimile functions and printer functions and to a
copier. 20

2. Description of Related Art

In recent years, there has come to be put to practical use a
digital color copier that conducts color image forming based
on color 1image data relating to red (R) color, green (G) color
and blue (B) color acquired from colored document images. 75
In the copier of this kind, image mnformation of the document
1s read by a scanner, and color image data relating to image
information of the document are acquired.

Further, a laser recording apparatus 1s mounted on the
copier, and a laser beam emitted from a semiconductor laser 3¢
light source 1s used for exposure scanning on a photoreceptor
drum having thereon prescribed voltage to record images,
depending on YMCK 1mage data which are obtained by
color-converting RGB 1mage data acquired from a scanner
into 1image data of yellow (Y) color, magenta (M) color, cyan 35
(C) color and black (K) color. Images recorded on the photo-
receptor drum are developed by each toner of each color, then,
colors are superposed on an intermediate transier body, for
example, and each 1mage is transierred onto a prescribed
sheet from the intermediate transier body, to be fixed. As a 49
result, a color document 1mage can be copied.

In a field of the color image forming apparatus of this kind,
an apparatus wherein a color image can be formed on each of
both sides of the sheet has been developed and 1s manufac-
tured. Double-face forming functions are used for forming an 45
image for a front cover on a sheet and for forming an 1mage
for a back cover on a sheet, when creating a booklet, for
example. In many cases, a sheet that 1s thicker than a sheet
mentioned 1n the text 1s used as a sheet for each of the front
cover and back cover. 50

Sheets for the front cover and the back cover after double-
face 1mage forming are supposed to be subjected to post-
processing such as center-folding and staple processing. In
the double-face 1mage forming processing of this kind, it 1s
known that, after an 1mage 1s formed on one side of a sheet, 55
the sheet shrinks. The reason for this phenomenon 1s that a
sheet onto which a color toner 1mage has been transierred 1s
subjected to thermal shrinkage by fixing processing, and the
thicker the sheet 1s, the more remarkable the shrinkage is.

Each of FIGS. 17(A) and 17(B) 1s a diagram 1llustrating an 60
example of shrinkage of sheet size in the case of double-face
image forming. Sheet P shown 1n FIG. 17 (A) 1s 1n the state
betfore fixing after being subjected to secondary transier of
color toner 1mages. In sheet sizes for sheet P, a longitudinal
length 1s L. mm, and a lateral width 1s W mm. Sheet P' shown 65
in FIG. 17(B) 1s 1n the state after fixing of sheet P. In sheet
s1zes for sheet P', a longitudinal length 1s constricted to L

2

mm, and a lateral width 1s constricted to W' mm. The reason
for shrinkage of sheet sizes 1s considered to be moisture
dessipation 1n the course of fixing. An 1image needs to be
formed on the rear face of the sheet, taking such shrinkage of
sheet sizes of sheet P into consideration. Incidentally, ifimage
forming conditions are not adjusted to sheet sizes L' mmx W'
mm after shrinkage, an image forming position (size) for the
front face 1s deviated from that for the rear face.

A driving clock (heremnafter referred to as CLK) frequency
of a polygon motor 1s changed, taking such shrinkage of sheet
s1zes o1 sheet P into consideration. When F0 represents poly-
gon driving CLK frequency belore shrinkage, namely, 1n the
course of 1image forming on the front face, and F represents
polygon driving CLK frequency after shrinkage, namely, in
the course of image forming on the rear face, establishment 1s
made so that F=FO0xL/L' may hold.

Further, pixel CLK frequency that controls a laser beam 1s
changed. When 10 represents pixel CLK frequency belore
shrinkage and 1 represents pixel CLK frequency after shrink-

ge, establishment 1s made so that I=(L/L')x(W/W")x10 may
hold. By changing a polygon driving CLK {requency and a
pixel CLK frequency, 1in consideration of shrinkage 1n sheet
s1Zes for sheet P as stated above, 1t 1s possible to obtain images
which are well-registered between the front face and the rear
face.

Further, when the polygon driving CLK frequency 1s
changed from F0 to F under the assumption that V0 represents
a process linear speed before shrinkage, G0 represents a gap
between processes before shrinkage, process gap G repre-
sents a distance between units and V represents a process
linear speed, apparent process linear speed V 1s changed as
shown below.

(1) Apparent process linear speed V=VOxF0/F=v0xL'/L
(2) Gap between processes G (pixel )=GOxV/V=GOxL/L'

In this case, the process linear speed V corresponds to a
rotation speed of a photoreceptor representing an 1mage car-
rier on which an 1image 1s formed.

Therelore, correction for an amount of front-face/rear-face
magnification change (which 1s also called front-face/rear-
face magnification correction or image size correction, after
this) 1s needed even for a correction amount for color regis-
tration error which corresponds to gap between processes G.
Accordingly, a polygon mirror which requires plane phase
adjustment 1s subjected to practice of plane phase control
when switching between front face and rear face. Control of
the rotation speed of the polygon mirror and control of plane
phase of a polygon mirror for each color of Y, M and C are
practiced not only for double-face 1image forming processing
but also for switching of trays.

For practicing image size correction in the case of switch-
ing between the front face and the rear face of a sheet or
between trays, there 1s employed a method to control a rota-
tion speed and a phase of a polygon mirror. Each of FIGS.
18(A)-18(1) 1s a time chart showing an example of 1image
forming operations (forY color) in the case of switching trays
in an 1mage writing unit for each of'Y, M, C and K, relating to
the conventional example.

A VTOP signal shown in FIG. 18(A) 1s a signal that rises 1n

synchronization with an index signal (herematter referred to
as KIDX signal) for forming K color images shown in FIG.
18(1), after a leading edge of the sheet fed out of tray 1 1s
detected by an unillustrated leading edge detection sensor.
Y VYV start timing shown 1n FIG. 18(B) 1s for a signal that rises
in synchronization with KIDX signal, where an unillustrated
KIDX counter 1s started, and the number of pulses for KIDX
signal 1s counted.
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AYVYV signal shown 1n FIG. 18(C) 1s a signal that rises 1n
synchronization with an index signal (hereinafter referred to
as YIDX signal) for forming Y color images shown in FIG.
18(D). During the period of “H” level of the YVV signal, an
image 1Y color 1s formed on a sheet coming from tray 1, and
alter completion of the foregoing, there 1s made control for
changing a rotation speed of a polygon mirror for forming an
image in Y color. In this case, a frequency of the YIDX signal
1s tluctuated-until the rotation speed of the polygon mirror 1s
stabilized. With regard to the sheet for second page fed out of
tray 2, image forming for Y color 1s started after waiting for
stabilizing time Tyl during which a rotation of the polygon
mirror 1s stabilized.

In the same way, during the period of “H” level of the MVV
signal shown 1n FIG. 18(E), an 1image 1n M color 1s formed on
a sheet coming from tray 1, and after completion of the
foregoing, there 1s made control for changing a rotation speed
of a polygon mirror for forming-an image 1n M color. In this
case, a frequency of the MIDX signal 1s fluctuated until the
rotation speed of the polygon mirror for M color 1s stabilized.
Phase change 1s controlled after waiting for stabilizing time
Tm1 during which a rotation of the polygon mirror 1s stabi-
lized. With regard to the sheet for second page fed out of tray
2, 1mage forming for M color 1s started after waiting for
stabilizing time Tm?2 during which a rotation of the polygon
mirror for M color 1s stabilized.

Further, during the period of “H” level of the CVV signal
shown 1n FIG. 18(F), an1mage 1n C color 1s formed on a sheet
coming from tray 1, and after completion of the foregoing,
there 1s made control for changing a rotation speed of a
polygon mirror for forming an 1image 1n C color. In this case,
a frequency of the CIDX signal 1s fluctuated until the rotation
speed of the polygon mirror for C color 1s stabilized. Phase
change 1s controlled after waiting for stabilizing time Tcl
during which a rotation of the polygon mirror 1s stabilized.
With regard to the sheet for second page fed out of tray 2,
image forming for C color 1s started after waiting for stabi-
lizing time Tc2 during which a rotation of the polygon mirror
tor C color 1s stabilized.

Further, KTV start timing shown 1n FIG. 18(G) 1s for a
signal that rises 1n synchronization with KIDX signal, where
an unillustrated KIDX counter 1s started, and the number of
pulses for KIDX signal 1s counted KVV signal shown 1n FIG.
18(H) 1s a signal that rises 1n synchronization with KIDX
signal shown in FI1G. 18(1). During the period of “H” level of
the KVV signal, an image 1n K color 1s formed on a sheet
coming from tray 1, and after completion of the foregoing,
there 1s made control for changing a rotation speed of a
polygon mirror for forming an 1image 1n K color.

In this case, a frequency of the KIDX signal 1s fluctuated
until the rotation speed of the polygon mirror for K color 1s
stabilized. Phase change 1s controlled after waiting for stabi-
lizing time Tk1 during which a rotation of the polygon mirror
1s stabilized. With regard to the sheet for second page fed out
of tray 2, image forming for K color 1s started atter waiting for
stabilizing time Tk2 during which a rotation of the polygon
mirror for K color 1s stabilized. In the example of 1mage
forming operations in the case of switching trays mentioned
above, controls of rotation speed of polygon mirror for form-
ing an 1image in each of Y, M and C colors and of a phase are
practiced after the control of rotation speed of a polygon
mirror for forming an image 1n K color has been completed,
because it 1s carried out based on KIDX signals.

In association with the aforesaid control of a polygon mir-
ror, a laser beam scanning apparatus 1s disclosed 1n Patent
Document 1. In this laser beam scanning apparatus, there 1s
provided a rotation phase calculating section that calculates a
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time difference between an optical beam detection signal
corresponding to a reference polygon mirror and an optical
beam detection signal [corresponding to a polygon mirror
other than the reference polygon mirror, and compares phase
control data based on the time difference with phase control
data corresponding to a reference polygon mirror, to generate
a rotation frequency. By providing such rotation phase calcu-
lating section, an orientation of the mirror surface of the
polygon mirror can be controlled simply.

Patent Document 1: Unexamined Japanese Patent Appli-
cation Publication NO. 9-230273 (FIG. 1 on page 5)

Incidentally, 1n the image forming apparatus applied by the
inventors of the present invention, there 1s employed a method
to correct magnifications for the front face and the rear face by
changing rotation speed and phase of the polygon mirror by
the use of pseudo 1index signals.

Each of FIGS. 19 (A)-18(0) 1s a time chart showing an
example of operations (for Y color) 1n the case of correcting
magnifications for the front face and the rear face of a color
image forming apparatus.

A VTOP signal shown in FIG. 19(A) 1s a signal that rises 1n
synchronization with YIDX signal shown in FIG. 19(F) after
a leading edge of the sheet fed out of tray 1 1s detected. YVV
start timing shown 1n FIG. 19(D) 1s for a signal that rises 1n
synchronization with YIDX signal, where an unillustrated
YIDX counter 1s started, and the number of pulses for YIDX
signal 1s counted. A YVV signal shown i FIG. 19(E) 1s a
signal that rises in synchronization with YIDX signal shown
in FIG. 19(F). During the period of “H” level of the YVV
signal, an 1mage 1Y color 1s formed on a sheet coming from
tray 1.

The control for changing a rotation speed of the polygon
mirror for forming an 1mage in Y color 1s carried out after
completion ol Y color image forming on the front face of the
sheet, namely, after KVV signal shown 1n FIG. 19(H) has
risen. In this case, afrequency of the YIDX signal 1s fluctuated
until the rotation speed of the polygon mirror for Y color 1s
stabilized. Phase change 1s controlled after waiting for stabi-
lizing time Ty1' during which a rotation of the polygon mirror
1s stabilized. With regard to the rear face of the sheet, image
forming forY color 1s started after waiting for stabilizing time
Ty2' during which a rotation of the polygon mirror for Y color
1s stabilized.

During the period of “H” level of the MV'V signal shown in
FIG. 19(H), an image 1n M color 1s formed on the front face of
the sheet, and after completion of the foregoing, there 1s
practiced a control for changing a rotation speed of a polygon
mirror for forming an 1mage in M color. In this case, a ire-
quency ol the MIDX signal 1s fluctuated until the rotation
speed of the polygon mirror for M color 1s stabilized. Phase
change 1s controlled after waiting for stabilizing time Tm1'
during which a rotation of the polygon mirror 1s stabilized.
With regard to the rear face of the sheet, image forming for M
color 1s started after waiting for stabilizing time Tm?2' during
which a rotation of the polygon mirror for M color 1s stabi-

lized.

During the period of “H” level of the CVV signal shown 1n
FIG. 19(J), an image 1n C color 1s formed on the front face of
the sheet, and after completion of the foregoing, there 1s
practiced a control for changing a rotation speed of a polygon
mirror for forming an 1image in C color. In this case, a Ire-
quency of the CIDX signal 1s fluctuated until the rotation
speed of the polygon mirror for C color 1s stabilized. Phase
change 1s controlled after waiting for stabilizing time Tc1'
during which a rotation of the polygon mirror 1s stabilized.
With regard to the rear face of the sheet, image forming for C
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color 1s started after waiting for stabilizing time Tc2' during
which a rotation of the polygon mirror for C color 1s stabi-
lized.

KVV start timing shown in FIG. 19(L) 1s for a signal that
rises 1 synchronization with YIDX signal, where an unillus-
trated KIDX counter 1s started, and the number of pulses for
YIDX signal 1s counted. KVV signal shown 1n FIG. 19(L) 1s

a signal that rises 1n synchronization with KIDX signal shown
in FIG. 19(M). During the period of “H” level of the KVV
signal, an 1image 1n K color 1s formed on a sheet coming from
tray 1, and after completion of the foregoing, there 1s made
control for changing a rotation speed of a polygon mirror for
forming an 1mage 1n K color.

In this case, a frequency of the KIDX signal 1s fluctuated
until the rotation speed of the polygon mirror for K color 1s
stabilized. Phase change 1s controlled after waiting for stabi-
lizing time Tk1' during which a rotation of the polygon mirror
1s stabilized. With regard to the rear face of th sheet, image
forming for K color 1s started after waiting for stabilizing time
Tk2' during which a rotation of the polygon mirror for K color
1s stabilized. Incidentally, T1 shown 1n FIG. 19(0) shows a
period during which the start timing for each of YVV signal,
MVYV signal and CVV signal in the case of image forming on
the front face 1s determined with MST-IDX1 serving as a
count source, while T2 shows a period during which the start
timing for each of YVV signal, MVV signal and CVV signal
in the case of image forming on the rear face 1s determined
with MST-IDX2 serving as a count source. By using pseudo
index signals for correction of magnifications on the front
face and the rear face as stated above, productivity is
improved.

However, a color image forming apparatus relating to the
conventional example has following problems.

(1) Phase changing control cannot be started until the moment
when the polygon mirror arrives at its stable rotation by the
instruction for changing rotation speed of the polygon mirror.
Further, even after practicing the phase changing control,
image forming processing cannot be started until the polygon
mirror comes to 1ts stable rotation. Therefore, when the mag-
nification 1s corrected, the switching operation takes time,
and productivity for double-face operations i1s lowered by
conducting correction operation for magnifications.

In the example of 1mage size correction in the case of tray
switching shown 1n FIGS. 18(A)-18(1), 1t 1s not possible to
start succeeding 1image formation processing for each color,
without waiting for stabilizing time Ty1 for stabilizing poly-
gon mirror rotation for Y-color, after Y-color image formation
processing, without waiting for stabilizing time Tml1+Tm?2
for stabilizing polygon mirror rotation for M-color, after
M-color 1mage formation processing, without waiting for
stabilizing time Tc1+Tc2 for stabilizing polygon mirror rota-
tion for C-color, after C-color image formation processing
and without waiting for stabilizing time Tk1+T1k2 for stabi-
lizing polygon mirror rotation for K-color, after K-color
image formation processing. Therefore, high speed image
formation processing 1s hampered by waiting for these stabi-

lizing times Ty1l, Tm1+Tm, Tc1+Tc2 and Tk1+Tk2.

(11) The aforesaid problems are caused equally even 1n the
case of switching 1image formation processing between the
front face and rear face by using pseudo index signals shown
in FIGS. 19(A)-19(0). In this case, 1t 1s not possible to start
succeeding 1mage formation processing for each color, with-
out waiting for stabilizing time Ty1'+Ty2' for stabilizing poly-
gon mirror rotation for Y-color, after Y-color image formation
processing, without waiting for stabilizing time Tm1'+Tm?2'
for stabilizing polygon mirror rotation for M-color, after
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M-color 1mage formation processing, without waiting for
stabilizing time Tcl'+1c2' for stabilizing polygon mirror
rotation for C-color, after C-color image formation process-
ing and without waiting for stabilizing time Tk1'+Tk2' for
stabilizing polygon mirror rotation for K-color, after K-color
image formation processing. Therefore, high speed image
formation processing 1s hampered by waiting for these stabi-
lizing times Ty1'+1y2", Tm1'+Tm2", Tc1'+Tc2' and Tk1'+
Tk2'.

(111) In the laser beam apparatus seen 1n Patent Document 1,
there 1s employed a method to generate polygon clock by
comparing a counter cycle and a count value with a start-up
point value calculated from a phase difference of detector
pulse signals (index signals), concerning phase control of a
polygon mirror. Even 1n this method, 1t 1s not possible to start
color image forming processing for the succeeding page,
without waiting stabilizing time after controlling a phase of a
polygon mirror until 1ts rotation 1s stabilized. Therefore, pro-
ductivity 1n operations for image size correction 1s lowered,
and continuous high speed processing for color images 1s
prevented.

With the foregoing as a background, the imvention has
solved the aforesaid problems, and its objective 1s to provide
an 1mage forming apparatus wherein a decline of productivity
in the course of correcting 1mage size can be controlled, and
continuous high speed processing for color images can be
carried out.

SUMMARY

For solving the problems stated above, the first image
forming apparatus reflecting a feature of the present invention
1s an 1image forming apparatus for forming color images com-
prising at least two or more colors, having a function of
magnification correction of 1image size by one page unit, the
image forming apparatus including:

an 1mage carrier;

a polygonal mirror rotator independently provided for each
color; and

a controller which simultaneously conducts first control for
changing rotation speed of the polygonal mirror rotator in
order for changing 1mage size in a sub-scanning direction
perpendicular to a main scanning direction, and second con-
trol for correcting a correction amount for color registration
error depending on magnification correction of 1mage size,
and for adjusting a rotating phase of the polygonal mirror
rotator depending on the corrected correction amount for
color registration error,

where the main scanning direction 1s a direction 1n which
the 1mage carrier 1s scanned with an exposure beam coming
from the polygonal mirror rotator.

In the first image forming apparatus, when forming 1mages
by correcting magnification in terms of 1image sizes by one
page unit, the controller conducts simultaneously control for
changing rotation speed of the polygonal mirror rotator for
changing image size in the sub-scanning direction and control
for correcting a correction amount for color registration error
depending on correction of magnification for image sizes, and
for adjusting a rotating phase of the polygonal mirror rotator
depending on a correction amount for color registration error
alter the correction.

It 1s therefore possible to shorten a stabilizing time during,
which the rotation of the polygonal mirror rotator 1s stabi-
lized, compared with an occasion wherein speed control and
phase control of the polygonal mirror rotator are carried out in
succession.
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The second 1mage forming apparatus reflecting another
aspect of the present invention 1s an 1mage forming apparatus
for continuously forming color 1mages comprising at least
two or more colors, having a function of magnification cor-
rection of 1mage size by one page unit, the image forming
apparatus including:

a polygonal mirror rotator which 1s provided indepen-
dently for each color image forming unit;

an 1mage carrier on which a latent image 1s formed by an
exposure beam scanned by the polygonal mirror rotator and
the latent 1mage 1s developed to be a color image; and

a controller comprising:

a color registration error detecting section which detects
color registration error on each color 1mage formed on
the 1mage carrier;

a color registration error correcting section which corrects
the color registration error depending on an amount of
the color registration error obtained from the color reg-
istration error detecting section; and

a calculating section which calculates a rising edge and a
falling edge of a drive clock signal controlling a rotation
speed of the polygonal mirror rotator for a succeeding
page, based on an amount of phase control calculated by
correcting an amount of color registration error correc-
tion after correction by the color registration error cor-
recting section depending on an amount of magnifica-
tion correction, on an output value of a counter provided
and independently controlled for each color to deter-
mine a drive clock signal cycle that controls a rotation
speed of the polygonal mirror rotator, on a phase differ-
ence between a {irst main scanning basis signal gener-
ated by detecting an exposure beam scanned by the
polygonal rotator for a first color 1mage forming unit
immediately before conducting magnification correc-
tion for image sizes with a sensor arranged 1n a scanning,
optical path and the second main scanning basis signal
generated by detecting an exposure beam scanned by the
polygonal rotator for a second color image forming unit
with a sensor arranged 1n a scanmng optical path, and on
a phase difference between a first base point of a count
cycle of a counter for generating a drive clock signal of
the polygonal mirror rotator for each of the first and
second color image forming umts immediately before
conducting magnification correction for image size and
a second base point of a count cycle after the magnaifi-
cation correction for image size,

wherein the controller executes polygonal mirror rotator
drive control 1n a case of magmfication correction for image
s1zes by the drive clock signal, which controls a rotation speed
of the polygonal mirror rotator, generated based on an output
of the calculating section.

In the second image forming apparatus, when correcting an
image size by one page unit, an image 1s formed on the image
carrier by an exposure beam oscillated by the polygonal mir-
ror rotator, and the 1mage 1s developed to be a color 1mage.
The color registration error detection section detects color
registration errors ol each color image formed on the 1image
carrier. The color registration error correction section corrects
color registration errors depending on an amount of detection
ol color registration errors obtained from the color registra-
tion error detection section. On the assumption of the forego-
ing, the calculating section calculates a rising edge and a
talling edge of drive clock signals controlling a rotation speed
of the polygonal mirror rotator for the succeeding page based
on an amount of phase control calculated by correcting an
amount of correction of color registration errors depending
on an amount of magmfication adjustment, an output value of
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a counter that 1s provided independently of each color for
determining a cycle of drive clock signal and 1s controlled
independently, a phase difference between the first main
scanning basis signal immediately before conducting magni-
fication correction for image sizes and the second main scan-
ning basis signal, and on a phase difference between a base
point of a count cycle of the counter for generating drive clock
signal of the polygonal mirror rotator and a base point of a
count cycle under the condition of count cycle after correction
of magnification for image size, in the controller.

For example, when images are formed 1n the order of the
first, second, third and fourth color image forming units
wherein the earliest one comes first, the controller controls
rotational phase for each polygonal mirror rotator so that the
second color 1mage forming unit may use a base point of a
count cycle of a counter for generating drive clock signals of
the polygonal mirror rotator of the first color image forming
unit as a base, the third color image forming unit may use a
base point of a count cycle of a counter for generating drive
clock signals of the polygonal mirror rotator of the second
color image forming unit as a base, and the fourth color image
forming unit may use a base point of a count cycle of a counter
for generating drive clock signals of the polygonal mirror
rotator of the third color image forming unit as a base.

Therefore, compared with a conventional method, 1t 1s
possible to shorten stabilizing time during which a rotation of
the polygonal mirror rotator 1s stabilized, because speed con-
trol and phase control of the polygonal mirror rotator can be
carried out simultaneously.

The third 1mage forming apparatus reflecting another
aspect of the present invention 1s a tandem type color image
forming apparatus having a function to correct image sizes by
one page unit and being capable of forming color images
composed of at least two or more colors continuously, the
image forming apparatus including:

a polygonal mirror rotator which 1s provided indepen-
dently for each color image forming unit;

an 1mage carrier on which a latent 1mage 1s formed by an
exposure beam scanned by the polygonal mirror rotator and
the latent 1mage 1s developed to be a color 1mage; and

a controller comprising;:

a color registration error detecting section which detects
color registration error on each color 1mage formed on
the 1mage carrier;

a color registration error correcting section which corrects
the color registration error depending on an amount of
the color registration error obtained from the color reg-
1stration error detecting section; and

a calculating section which calculates a rising edge and a
falling edge of a drive clock signal controlling a rotation
speed of the polygonal mirror rotator for a succeeding,
page, based on an amount of phase control calculated by
correcting an amount of color registration error correc-
tion after correction by the color registration error cor-
recting section depending on an amount of magnifica-
tion correction, on an output value of a counter provided
and independently controlled for each color to deter-
mine a drive clock signal cycle that controls a rotation
speed of the polygonal mirror rotator, on a phase differ-
ence between a {irst main scanning basis signal gener-
ated by detecting an exposure beam scanned by the
polygonal rotator for a first color 1mage forming umnit
immediately before conducting magnification correc-
tion for image sizes with a sensor arranged 1n a scanning
optical path and the second main scanning basis signal
generated by detecting an exposure beam scanned by the
polygonal rotator for a second color image forming unit
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with a sensor arranged 1n a scanming optical path, and on
a phase difference between a base point of a count cycle
for generating a pseudo index signal, which 1s obtained
by dividing a source oscillation signal of an original
oscillator used 1n common with generation of drive
clock signal of the polygonal mirror rotator 1in practicing
rotational phase control of the polygonal mirror rotator
so that the pseudo 1index signal agrees with one plane
cycle of the polygonal mirror rotator, and a base point of
a counter cycle for generating drive clock signal of the
polygonal mirror rotator for each color unit,

wherein the controller executes polygonal mirror rotator
drive control 1n a case of magmfication correction for image
s1zes by the drive clock signal, which controls a rotation speed
of the polygonal mirror rotator, generated based on an output
of the calculating section.

In the third image forming apparatus, when correcting an
image size by one page unit, an image 1s formed on the image
carrier by an exposure beam oscillated by the polygonal mir-
ror rotator, and the image 1s developed to be a color 1image.
The color registration error detection section detects color
registration errors of each color image formed on the image
carrier. The color registration error correction section corrects
color registration errors depending on an amount of detection
ol color registration errors obtained from the color registra-
tion error detection section. On the assumption of the forego-
ing, the calculating section calculates a rising edge and a
talling edge of drive clock signals controlling a rotation speed
of the polygonal mirror rotator for the succeeding page based
on an amount of phase control calculated by correcting an
amount ol correction of color registration errors depending
on an amount of magmfication adjustment, an output value of
a counter that 1s provided independently of each color for
determining a cycle of drive clock signal and 1s controlled
independently, a phase difference between the first main
scanning basis signal immediately before conducting magni-
fication correction for image sizes and the second main scan-
ning basis signal, and on a phase difference between a base
point of a count cycle generating pseudo index signal and a
base point of a counter cycle for generating drive clock signal
for the polygonal mirror rotator of each color unit, in the
controller.

Therefore, compared with a conventional method, it 1s
possible to shorten stabilizing time during which a rotation of
the polygonal mirror rotator 1s stabilized, because speed con-
trol and phase control of the polygonal mirror rotator can be
carried out simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken i1n conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a conceptual diagram showing an example of
configuration of color copier 100 as the first embodiment of
the 1nvention;

FIG. 2 1s a block diagram showing an example of configu-
ration of a control system of the color copier 100;

FI1G. 3 1s a block diagram showing an example of configu-
ration of 1image writing unit 3Y for Y-color image forming,
shown 1n FIG. 2 and 1ts peripheral circuit;

FI1G. 4 1s a block diagram showing an example of configu-
ration of a polygon mirror drive system for each color image
forming;
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Each of FIGS. 5 (A)-5 (F) 1s a time chart showing an
example of operations (YP-CLK basis time) before magnifi-
cation correction control 1n 1mage forming section 60;

Each of FIGS. 6 (A)-6 (F) 1s a time chart showing an
example of operations (YP-CLK signal basis time) after mag-
nification correction control 1n 1mage forming section 60;

Each of FIGS. 7(A)-7(1) 1s a time chart showing an
example of operations (Y-color basis) after magnification
correction control of color copier 100;

FIG. 8 1s a block diagram showing an example of configu-
ration of color copier 200 as the second embodiment;

FIG. 9 1s a block diagram showing an example of configu-
ration of 1mage writing unit 3Y' for Y-color image forming
shown 1n FIG. 8 and 1ts peripheral circuit;

FIG. 10 1s a block diagram showing an example of con-
figuration of a polygon mirror drive system including a
pseudo IDX generating circuit;

Each of FIGS. 11(A)-11(E) 1s a time chart showing an
example of operations (MST-IDEX basis time) before mag-
nification correction control 1n 1mage forming section 60';

Each of FIGS. 12(A)-12(E) 1s a time chart showing an
example of operations (IMST-IDEX basis time) after magni-
fication correction control 1n 1image forming section 60';

Each of FIGS. 13(A)-13(M) 1s a time chart showing an
example of operations (MST-IDEX signal basis) after mag-
nification correction control of color copier 200;

FIG. 14 1s a block diagram showing an example of con-
figuration of a control system 1n color copier 300 relating to
the third embodiment;

FIG. 15 1s a block diagram showing an example of con-
figuration of image writing umt 3Y" for Y-color image form-
ing extracted from FIG. 14 and its peripheral circuait;

Each of FIGS. 16(A)-16(0) 1s a time chart showing an
example of operations aifter magmification correction control
of color copier 300;

Each of FIGS. 17(A) and 17(B) 1s a diagram 1llustrating an
example of shrinkage of a sheet size in the case of double-face
image forming;

Each of FIGS. 18(A)-18(1) 1s a time chart showing an
example of 1image size correction (K-color basis) 1n the case
of switching trays in an 1mage writing unit for each of'Y-color,
M-color, C-color and K-color 1n conventional examples; and

Each of FIGS. 19(A)-19(0) 1s a time chart showing an
example of operations (Y-color basis) in the case of front-
face/rear-face magnification correction ol a color image
forming apparatus.

PR.
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DETAILED DESCRIPTION OF THE
EMBODIMENT

An 1mage forming apparatus relating to an example of the
invention will be explained as follows, referring to the draw-
ngs.

Embodiment 1

FIG. 1 1s a conceptual diagram showing an example of
configuration of a section of color copier 100 as the first
embodiment of the mnvention.

Color copier 100 shown 1n FIG. 1 1s an example of the first,
second or third image forming apparatus representing an
apparatus that has a function to correct 1image sizes by one
page umt and 1s capable of forming continuously color
images composed of at least two or more colors. An 1image
forming apparatus relating to the invention may also be
applied to a color printer, a facsimile machine and their mul-
tifunctional machine, 1n addition to the color copier 100.
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The color copier 100 1s composed of copier main body 101
and 1mage reading umt 102. The image reading unit 102
composed of automatic document feeder 201 and document
image scanmng exposure unit 202 1s arranged on the top of
the copier main body 101. Document 30 placed on a docu-
ment table of the automatic document feeder 201 1s conveyed
by an unillustrated conveyer, and thereby 1images on one side
or two sides of the document are subjected to scanning expo-
sure by the optical system of the document 1mage scanning
exposure unit 202, and an incident light reflecting document
images 1s read by line image sensor CCD.

Analog 1mage signals converted photoelectrically by line
image sensor CCD are subjected to analog processing, A/D
conversion, shading correction and 1mage compression pro-
cessing 1n an unillustrated 1mage processing section, to
become digital image data Din. The image data Din are sent to
image writing units (laser writing unmits) 3Y, 3M, 3C and 3K
constituting 1mage forming section 60, after being converted
to 1mage data Dy, Dm, Dc¢ and Dk for image forming for
Y-color, M-color, C-color and K-color.

The aforesaid automatic document feeder 201 reads con-
tents 1n document 30 fed from the document table by one
elfort continuously, and accumulates contents of the docu-
ment 1 a memory section (electronic RDH function). This
clectronic RDH function 1s used conveniently when copying
contents of many documents by a copying function, or when
sending many documents 30 by a facsimile function.

The copier main body 101 constitutes a tandem type color
image forming apparatus, and 1s provided with four image
forming units (1mage forming systems) 10Y, 10M, 10C and
10K, endless intermediate transier belt 6, a sheet conveying
section 1ncluding a sheet re-feeding mechanism (ADU
mechanism), fixing umt 17 for fixing a toner image and with
sheet feeding section 20 that feeds a transter material (here-
inafter referred to as a sheet) to an 1mage forming system. The
sheet feeding section 20 1s provided below the image forming
system. The sheet feeding section 20 1s composed, for
example, of three sheet feeding trays 20A, 20B and 20C.
Sheet P fed out of the sheet feeding section 20 us conveyed to
the lower part of the image forming unit 10K.

Image forming units 10Y, 10M, 10C and 10K constitute
image forming section 60, and a polygon mirror and a pho-
toreceptor drum are provided for each color, and they form
color images on prescribed sheet P based on main scanning
basis signal (hereinaiter referred to as index signal) and/or on
pseudo main scanning basis signal).

For example, image forming unit 10Y has polygon mirror
42Y and photoreceptor drum (image carrier) 1Y, image form-
ing unit 10M has polygon mirror 42M and photoreceptor
drum (1mage carrier) 1M, image forming unit 10C has poly-
gon mirror 42C and photoreceptor drum (1mage carrier) 1C
and 1image forming unit 10K has polygon mirror 42K and
photoreceptor drum (1mage carrier) 1K. Each of the polygon
mirrors 42Y-42K 1s provided independently of others, and
scanning beams of the polygon mirrors 42Y-42K form latent
images which are developed through development 1nto color
1mages.

In this example, the 1image forming unit 10Y for forming a
yellow (Y) color image has therein photoreceptor drum 1Y
for forming a Y-color toner image, charging unit 2Y {for
Y-color image forming arranged around the photoreceptor
drum 1Y, image writing unit 3Y, developing unit 4Y and
cleaning section 8Y for the image carrier.

The 1mage forming unit 10M for forming a magenta (M)
color 1mage has therein photoreceptor drum 1M for forming
a M-color toner image, charging unit 2M for M-color image
forming, 1image writing unit 3M, developing unit 4M and
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cleaning section 8M for the image carrier. The image forming
umt 10C for forming a cyan (C) color image has therein
photoreceptor drum 1C for forming a C-color toner image,
charging unit 2C for C-color image forming, image writing
unit 3C, developing unit 4C and cleaning section 8C for the
image carrier. The image forming unit 10K for forming a
black (K) color image has therein photoreceptor drum 1K for
forming a K-color toner image, charging umt 2K for K-color
image forming, 1image writing unit 3K, developing unit 4K
and cleaning section 8K for the image carrier.

A latent image forming section 1s constituted by a combi-
nation of charging unit 2Y and image writing umt 3Y, a
combination of charging unit 2M and 1image writing unit 3M,
a combination of charging unit 2C and image writing unit 3C,
and a combination of charging unit 2K and image writing unit
3K. Development by each of developing units 4Y, 4M, 4C and
4K 1s carried out by reversal development 1n which develop-
ing bias where alternating voltage 1s superimposed on direct
voltage whose polarity 1s the same as that of working toner
(negative polarity 1n the present example) 1s impressed. The
intermediate transfer belt 6 1s trained about plural rollers, to
be supported rotatably, and a Y-color toner image, a M-color
toner 1image, a C-color toner image, and a K-color toner image
formed respectively on respective photoreceptor drums 1Y,

1M, 1C and 1K are transferred onto the intermediate transier
belt 6.

An outline of 1image forming process will now be explained
as follows. Images each having a different color formed
respectively by image forming units 10Y, 10M, 10C and 10K
are transierred onto rotating intermediate transier belt 6(pri-
mary transfer) in order by primary transfer rollers 7Y, 7TM, 7C
and 7K on each of which primary transfer bias (not shown)
having polarity opposite to that of working toner (positive
polarity in the present example), thus, color toner images are
superimposed to form a color image. The color image 1s
transierred onto sheet P from the intermediate transier belt 6.

Sheet P loaded 1n each of sheet feeding trays 20A, 208 and
20C 1s fed by feed out roller 21 and sheet feeding roller 22A
which are provided on each of the sheet feeding trays 20A,
20B and 20C to be conveyed to secondary transier roller 7A
through conveyance rollers 22B, 22C, 22D and registration
rollers 23 and 28, whereby, color images are transferred col-
lectively onto the surface on one side (front face) of sheet P
(secondary transter).

The sheet P onto which the color image has been trans-
terred 1s subjected to fixing processing by fixing unit 17, and
1s mterposed by sheet ejection rollers 24 to be conveyed to
sheet ejection tray 25. Toner remaining on a circumierential
surface on each of photoreceptor drums 1Y, 1M, 1C and 1K
alter transferring 1s removed by each of 1image carrier clean-
ing sections 8Y, 8M, 8C and 8K, to be ready for the succeed-
ing 1image forming cycle.

In the case of double-face 1image forming, sheet P which
has been subjected to 1mage forming on the surface (front
face) of 1ts one side and has been ejected from fixing unit 17
1s branched from a sheet ejecting path by branch section 26,
then, passes through lower circulating sheet path 27A to be
reversed side out by reversing conveyance path 27B repre-
senting a sheet re-feeding mechanism (ADU mechanism),
and passes through sheet re-feeding conveyance section 27C
to join at sheet feeding roller 22D. The sheet P which has been
reversed and conveyed passes through registration rollers 23
and 28 to be conveyed again to secondary transier roller 7A
where color 1mages (color toner 1images) are transierred col-
lectively onto the surface (rear face) on the other side of the

sheet P.
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In the case of image forming stated above, sheet P to be
used 1ncludes a thin sheet of about 52.3-63.9 kg/m (1000

sheets), a regular sheet of about 64.0-81.4 kg/m> (1000
sheets), a thick sheet of about 83.0-130.0 ke/M~ (1000 sheets)
and a super-thick sheet of about 150.0 kg/m* (1000 sheets).

The sheet P onto which the color image has been trans-
terred 1s subjected to fixing processing by fixing unit 17, and
1s mterposed by sheet ejection rollers 24 to be conveyed to
sheet ejection tray 25. On the other hand, after a color image
1s transierred onto sheet P by secondary transter roller 7A,
intermediate transier belt 6 from which the aforesaid sheet P
1s separated through curvature is cleaned by cleaning section
8A for an mtermediate transter belt so that residual toner 1s
removed. In this example, registration sensor S representing,
an example of a detection section for color registration error
1s arranged at the upstream side of the cleaning section 8A, to
detect color registration errors of each color image formed on
the intermediate transier belt 6.

Copier main body 100 1s equipped with controller 15 that
conducts simultaneously controlling to change a rotation
speed of polygon mirror 42Y or the like for changing an
image size in the sub-scanning direction and controlling to
adjust rotation phase of the polygon mirror42Y depending on
an amount of correction for color registration errors after the
correction (first image forming apparatus). The controller 15
constitutes a part of a color registration error correcting sec-
tion, and 1t corrects color registration errors depending on an
amount of detection for color registration error obtained from
registration sensor 5. For example, a minute amount of reg-
istration error 1n the sub-scanning direction can be adjusted
by conducting phase control (which 1s also called plane phase
control) for each of polygon mirrors 42Y-42K by the control-
ler 15.

FIG. 2 1s a block diagram showing an example of configu-
ration of a control system of the color copier 100. The color
copier 100 shown i FIG. 2 has therein controller 15 that
determines timing to start image forming on a prescribed
surface of sheet P based on basis signal (hereaiter, index
signal for each color image forming 1s called YIDX, MIDX,
CIDX or KIDX) for forming Y-color image, M-color image,
C-color image or K-color image. The basis signal 1n this case
means main scanning basis signal (INDEX signal) to be gen-
crated by detecting a laser (exposure) beam oscillated by
polygon mirror 42Y of each color image forming unit.

Crystal oscillator (source oscillator) 11, 1mage memory 13,
image processing section 16, communication section 19,
sheet feeding section 20, operation panel 48, image forming
section 60 and 1image reading unit 102 are connected to the
controller 15.

The crystal oscillator 11 oscillates basis clock signal (here-
inafter referred to as CLK1 signal) representing a basis signal
in the case of color image forming. The CLK1 signals oscil-
lated by the crystal oscillator 11 are outputted, for example, to
image writing units 3Y, 3M, 3C and 3K which are respec-
tively for Y-color image forming, M-color image forming,
C-color image forming and K-color image forming.

The controller 15 has therein ROM (Read Only Memory)
53, RAM (Random Access Memory) 34 for work and CPU
(Central Processing Unit; central processing unit) 55. System
program data for controlling the overall copier and informa-
tion for controlling a rotation speed and a phase of polygon
mirror 42 are stored 1n the ROM 53. These pieces of infor-
mation include counter control signals (heremaiter referred to
as CNTPRD signals) and phase control signals (hereinafter
referred to as PHASE signals). The RAM 34 stores tempo-

rarily control command 1n 1mplementation of various modes.
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When power supply 1s turned on, CPU 35 starts the system
by reading system program data from ROM 33, and controls
the overall copier. The CPUSS5, for example, executes control
of color image forming on a prescribed surface of sheet P
based on CLK1 signal and YIDX signal, when forming a
color image on prescribed sheet P on a basis of Y-color. With
regard to the YIDX signal, 1ts cycle varies depending on
rotation speed control and phase control for polygon mirror
42Y. The CPU 35 determines image leading edge signal 1n
color 1mage forming processing from a front face to a rear
face of sheet P (hereinafter referred to as VI'OP signal) and
VTOP signal 1n color image forming processing in the case of
switching from tray 1 to tray 2. The VTOP signal 1s a signal
for synchronizing timing for conveying sheet P with timing
for image forming.

The 1image forming section 60 1s equipped with 1image
writing units 3Y, 3M, 3C and 3K which are respectively for
image forming for Y-color, M-color, C-color and K-color. In
the color image forming, the CPU 35 establishes frequency
control signal Sg, CNTPRD signal and PHASE signal on
cach of the image writing units 3Y, 3M, 3C and 3K. In
Y-image writing unit 3Y, image data Dy for Y-color image
forming are mputted from 1mage memory for Y-color image
forming, and actions are taken to form Y-color toner images
based on frequency control signal Sg, CNTPRD signal,
PHASE signal, CLK1 signal and an unmillustrated YIDX sig-
nal. The YIDX signal 1s a basis signal 1n the case of control-
ling a rotation speed and a phase of polygon mirror 42Y for
Y-color image forming and thereby scanning photoreceptor
drum 1Y with a laser beam, and 1t 1s a signal obtained by
detecting a laser beam reflected on polygon mirror 42Y.

Equally, in M-image writing unit 3M, image data Dm for
M-color image forming are mputted from 1mage memory for
M-color image forming, and actions are taken to form
M-color toner images based on frequency control signal Sg,
CNTPRD signal, PHASE signal, CLLK1 signal and MIDX
signal. The MIDX signal 1s a basis signal in the case of
controlling a rotation speed and a phase of polygon mirror
42M for M-color image forming and thereby scanning pho-
toreceptor drum 1M with a laser beam, and 1t 1s a signal
obtained by detecting a laser beam reflected on polygon mir-
ror 42M.

In C-image writing unit 3C, image data Dc for C-color
image forming are inputted from 1mage memory for C-color
image forming, and actions are taken to form C-color toner
images based on frequency control signal Sg, CNTPRD sig-
nal, PHASE signal, CLK1 signal and CIDX signal. The
CIDX signal 1s a basis signal i the case of controlling a
rotation speed and a phase of polygon mirror 42C for C-color
image forming and thereby scanning photoreceptor drum 1C
with a laser beam, and 1t 1s a signal obtained by detecting a
laser beam retlected on polygon mirror 42C.

In K-image writing umt 3K, image data Dk for K-color
image forming are mputted from 1mage memory for K-color
image forming, and actions are taken to form K-color toner
images based on frequency control signal Sg, CNTPRD sig-
nal, PHASE signal, CLK1 signal and KIDX signal. The
KIDX signal 1s a basis signal in the case of controlling a
rotation speed and a phase of polygon mirror 42K for K-color
image forming and thereby scanming photoreceptor drum 1K
with a laser beam, and 1t 1s a signal obtained by detecting a
laser beam retlected on polygon mirror 42K.

In this example, the controller 15 executes color 1image
forming control on a prescribed surface of sheet P based on
YIDX signal and VTOP signal. Due to this, 1t 1s possible to
correct image size on each of the front face and the rear face
of sheet P, even when sheet P shrinks after image forming on
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the front face, when forming 1images on both the front face and
the rear face of the sheet. It 1s further possible to correct an
image size on a different sheet, even when a type of a sheet on
tray 1 1s different from that of a sheet on tray 2, when forming
color images after switching sheet feeding from tray 1 to tray

2.

Incidentally, operation panel 48 1s connected to the con-
troller 15, and has therein operation section 14 composed of a
touch panel and display section 18 composed of liquid crystal
display panel, both of which are not illustrated. An 1nput
section of a type of GUI (Graphic User Interface) 1s used for
the operation panel 48. A power supply switch 1s provided on
the operation panel 48. The display section 18 conducts dis-
play operations, interlocking with, for example, operation
section 14.

The operation panel 48 1s operated when selecting 1image
forming conditions and selecting sheet feeding trays 20A-
20C. For example, operation section 14 1s operated when
selecting a type of sheet P (sheet type) from a regular sheet, a
recycled sheet, coated paper and OHT sheet and when select-
ing a sheet feeding tray storing therein the selected sheet from
sheet feeding trays 20A-20C, thus, image forming conditions
are established. Incidentally, the image forming conditions
established by the operation panel 48 and information of the
selected sheet feeding tray are outputted to the CPU 535 as
operation data D3.

The aforesaid controller 15 executes color image forming,
on a prescribed surface of sheet P based on operation data D3
outputted from operation section 14 or on information
received through communication section 19. For example,
the atoresaid controller 15 executes processing to adjust an
image size between the front face and the rear face of sheet P
and processing to adjust a position between the front face and
the rear face of sheet P, corresponding to a type of set sheet P
or to set sheet feeding trays 20A-20C.

Image reading unit 102 1s connected to the controller 15,
and 1t reads 1mages from document 30 shown in FIG. 1 to
output 1image data Din (each color component data for R, G
and B) for digital color to the controller 15. In the controller
15, image data Din are stored 1in 1image memory 13. Image
processing section 16 reads image data Din from image
memory 13, and conducts processing to convert color com-
ponent data for R, G and B into image data Dy for Y-color
image forming, image data Dm for M-color image forming
image data Dc for C-color and image data Dk for K-color
image forming. Image data Dy, Dm, Dc and Dk respectively
for Y-color image forming, M-color image forming, C-color
image forming and K-color image forming are stored in
image memory 13 or in an unillustrated 1mage memory for
Y-color image forming, M-color image forming, C-color
image forming and K-color image forming.

Communication section 19 1s connected to a communica-
tion line such as L AN, and 1s used when communicating with
outside computers. When the color copier 100 1s used as a
printer, the communication section 19 1s used to receive print
data Din' from outside computers, in the mode of printing
operation. Incidentally, print data Din' include image forming
conditions and imnformation of selecting sheet feeding trays.
Those recerved from outside computers through communica-
tion section 19 may also be used as the image data Dy, Dm, Dc
and DKk respectively for Y-color, M-color, C-color and
K-color image forming.

Sheet feeding section 20 1s connected to an unillustrated
motor for driving sheet feeding trays 20A-20C, and 1t controls
rotation of the motor based on sheet feeding control signal Si,
and operates to convey sheet P fed out of the sheet feeding tray
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20A, 20B or 20C to the image forming system. The sheet
teeding control signal St 1s supplied to sheet feeding section
20 from the controller 15.

FIG. 3 1s a block diagram showing an example of configu-
ration of 1image writing unit 3Y for Y-color image forming
shown 1n FIG. 2 and 1ts peripheral circuat.

Y-color image writing umt 3Y shown in FIG. 3 1s con-
nected to crystal oscillator 11 and to CPU 35. The Y-color
image writing unit 3Y 1s composed, for example, of crystal
oscillator 31, pixel CLK generating circuit 32, horizontal
synchronizing circuit 33, PWM signal generating circuit 34,
laser (LLD) drive circuit 35, polygon motor 36Y, motor drive
circuit 37Y, index sensor 38Y, polygon drive CLK generating
circuit 39Y, timing generator 40, Y-VV (Valid) generating
circuit 41 and counter circuit 43Y.

Counter circuit 43Y 1s one for determining a cycle of
YP-CLK signal that controls a rotation speed of polygon

mirror 42Y, and 1t counts the number of pulses of CLK signals
based on Y-CNTPRD signal, and outputs Y-CN'T signal of the

first cycle and Y-ORG signal of the second cycle. CLK1
signal 1s outputted to counter circuit 43Y from crystal oscil-
lator 11. The Y-CN'TPRD signal is a signal to establish a target
count value of counter circuit 43Y, and it 1s a signal to estab-
lish a cycle of YP-CLK signal, namely, a speed of polygon
motor 36Y. Y-CNTPRD signal 1s outputted to counter circuit
43Y from CPU 55 1n the case of image forming on the front
face and the rear face. This signal 1s used for controlling a
rotation speed of polygon mirror 42Y. Y-CNT signal and
Y-ORG signal are outputted to polygon drive CLK generating
circuit 39Y from counter circuit 43Y.

To counter circuit 43Y and CPU 55, there 1s connected
polygon drive CLK generating circuit 39Y, and Y-PHASE
signal, Y-CNT signal, Y-ORG signal and YIDX signal are
iputted to be processed to generate polygon drive clock
signal (YP-CLK signal) for Y-color image forming. The
Y-PHASE signal 1s a signal that establishes an amount of
phase adjustment on the polygon drive CLK generating cir-
cuit 39Y, and 1t 1s used for controlling a phase of polygon
mirror 42Y. Further, on the polygon drive CLK generating
circuit 39Y, rotation speeds of polygon mirrors 42Y-42K are
changed.

The YIDX signal 1s outputted to the polygon drive CLK
generating circuit 39Y from index sensor 38Y. CLK1 signal 1s
outputted to the polygon drive CLK generating circuit 39Y
from crystal oscillator 11. An example of internal configura-
tions of the polygon drive CLK generating circuit 39Y will be
explained, referring to FIG. 4.

Motor drive circuit 37Y 1s connected to the polygon drive
CLK generating circuit 39Y. The motor drive circuit 37Y 1s
connected to polygon motor 36Y, to drive the polygon motor
36Y based on YP-CLK signal. Polygon mirror 42Y 1s
mounted on the polygon motor 36Y to be rotated by drive
power of the polygon motor 36Y 1n the main scanning direc-
tion.

Laser beam LY radiated from an unillustrated diode 1s
oscillated for main scanning when polygon mirror 42Y 1s
rotated for photoreceptor drum 1Y rotating in the sub-scan-
ning direction, 1n the atoresaid LD drive circuit 36, whereby
an electrostatic latent image 1s formed on the photoreceptor
drum 1Y. The electrostatic latent image formed on the pho-
toreceptor drum 1Y 1s developed with toner member for
Y-color image forming. A Y-color toner image on the photo-
receptor drum 1Y 1s transferred onto intermediate transier
belt 6 rotating 1n the sub-scanning direction (primary trans-
fer).

In the mean time, crystal oscillator 31 oscillates basis clock
signals (hereinafter referred to as CLLK2 signals) and outputs
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them to pixel CLK generating circuit 32 which 1s connected to
the crystal oscillator 31. The pixel CLK generating circuit 32
constitutes a pixel clock frequency changing section, and
operates to generate pixel clock signals for Y-color image
tforming (heremnafter referred to as G-CLK signals) based on
frequency control signal Sg outputted by CPU 53 and thereby
to output to horizontal synchronizing circuit 33.

The pixel CLK generating circuit 32 changes a pixel clock
frequency depending on an amount of change in rotation
speed for each of polygon mirrors 42Y-42K and an amount of
adjustment of lateral magmfication. For example, a value
obtained by multiplying frequency 10 of G-CLK signal in the
case of 1image forming on the front face and (L/L')-(W/W')
together 1s established as Y-color image forming pixel CLK
frequency 1 1n the case of image forming on the rear face. The
aforesaid pixel CLK generating circuit 32 and the polygon
drive CLK generating circuit 39Y constitute a magnification
correcting section which corrects magnifications in terms of
image sizes by one page unit.

The horizontal synchronizing circuit 33 1s connected to the
pixel CLK generating circuit 32 and to PMW signal generat-
ing circuit 34, and detects horizontal synchromizing signal Sh
based on YIDX signal to output to the PMW signal generating,
circuit 34. The YIDX signal 1s outputted from mndex sensor
38Y ifor Y-color image forming not only to the horizontal
synchronizing circuit 33 but also to polygon drive CLK gen-
erating circuit 39Y. The index sensor 38Y 1s composed of a
light-receiving element.

The PMW signal generating circuit 34 inputs image data
Dy for Y-color image forming from image memory 83 for
Y-color image forming, and modulates the image data Dy in
terms of pulse width to output laser drive signal Sy for Y-color
image forming to LD drive circuit 35. The aforesaid PMW
signal generating circuit 34 1s connected with LD drive circuit
35. The LD drive circuit 35 1s connected with an unillustrated
laser diode. The LD drive circuit 35 drives the laser diode
based on laser drive signal Sy, and generates laser beam LY
for Y-color image forming to radiate to polygon mirror 42Y.

To the aforesaid crystal oscillator 11, connected 1s timing,
signal generator 40 for determining 1image forming start tim-
ing for Y-color image forming. The timing signal generator 40
1s further connected with CPU 55, and counts the number of
pulses of YIDX signals based on VITOP signals outputted
from the CPU 55 1n the case of image forming on the front
face, for example, to determine 1mage forming start timing for
Y-color image forming on the front face of the sheet based on
the number of the counted pulses. Concurrently with this
determining of 1image forming start timing for Y-color image
forming, 1mage forming start signals (hereinaiter referred to
as STT signals) are outputted to Y-VV creating circuit 41Y.

TheY-VV creating circuit 41Y counts the number of pulses
of YIDX signals based on STT signals outputted from the
timing signal generator 40 to create sub-scanming effective
area signal (hereinafter referred to as YTV signal) for Y-color
image forming on the front face of the sheet based on the
number of the counted pulses. The YVV signal 1s outputted to
image memory 83 for Y-color image forming.

To the aforesaid PMW signal generating circuit 34, there 1s
connected 1mage memory 83 for Y-color image forming, so
that image data Dy for Y-color image forming may be read out
based on YVV signal in the case of forming images on both
the front face and the rear face of the sheet. With regard to the
image data Dy, image data for R, G and B colors are read out
from 1mage memory 13 shown in FIG. 2 1n image processing
section 16, and the image data for R, G and B colors represent
one of image data forY, M, C and K colors converted 1n terms
of a color.
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Further, the timing signal generator 40 counts the number
of pulses of YIDX signals based on VTOP signals outputted
from CPU 55, immediately before the start of image forming
on the rear face 1 the sheet, for example, to determine 1mage
forming start timing for Y-color image forming on the rear
face of the sheet based on the number of the counted pulses.
Concurrently with this determining of 1mage forming start
timing for Y-color image forming, STT signals (image form-
ing start signals) are outputted to Y-VV creating circuit 41Y.

Y-VV creating circuit 41Y counts the number of pulses of
YIDX signals based on STT signals outputted from timing
signal generator 40, to create YVV signals for Y-color image
forming on the rear face of the sheet based on the number of
the counted pulses. YVV signals are outputted to image
memory 83 for Y-color image forming.

In the mean time, since each of other image writing units
3M, 3C and 3K has also the configuration and function which
are the same as those 1n the foregoing, descriptions for them
will be omitted. In the present example, an explanation has
been given by including crystal oscillator 31, pixel CLK
generating circuit 32, horizontal synchromzing circuit 33,
PWM signal generating circuit 34, polygon drive CLK gen-
erating circuit 39Y, timing generator 40, Y-VV generating
circuit 41 and counter 43Y 1n the image writing unit 3Y.
However, the invention 1s not limited to this, and these circuit
elements may also be included 1n image processing section 16
or 1n controller 15 for the configuration.

In that case, 1t 1s also possible to employ a configuration
wherein CPU 55 1s caused to have functions of the timing
generator 40, VTOP signal 1s started based on CLK1 signal in
the case of image forming on the front face of the sheet, the
number of pulses of YIDX signals 1s counted based on the
VTOP signal, and first image forming start timing for Y-color
on the front face of the sheet 1s determined based on the
number of counted pulses. Based on the STT signal (1mage
forming start signal) determined here, the number of pulses of
YIDX signals for Y-color image forming i1s counted, and
image writing unit 3Y is controlled so that YVV signal for
Y-color image forming on the front face of the sheet may be
created based on the number of counted pules.

In the case of image forming on the rear face of the sheet,
CPU 55 starts VIOP signal based on CLK1 signal, then,
counts the number of pulses of YIDX signals based on the
VTOP signal, and determines first image forming start timing
for Y-color for the rear face of the sheet based on the number
of counted pulses.

The CPU 55 may also be made up to control mput and
output of image writing unit 3Y so that the number of pulses
of YIDX signal for each color image forming are counted
based on the determined image forming start timing, and
YVV signal for Y-color image forming on the rear face of the
sheet 1s created based on the number of the counted pulses.

In the present example, the CPU 55 controls a frequency of
YP-CLK signal for each color in the order wherein image
forming on the front face of the sheet for each of respective
colors 1s completed, to establish a rotation speed of polygon
mirror 42Y for the rear face of the sheet, and then, executes
phase control for the MST-1DX.

I1 the control 1s operated as stated above, 1t 1s possible to
carry out the control such as the rotation speed change and
phase change of the polygon mirror 427, after completion of
image forming for respective colors, based on MST-IDX
signal established to a prescribed cycle, without depending on
IDX signal of basis color.

Due to this, 1t 1s possible to carry out the control such as the
rotation speed change and phase change of the polygon mir-
ror for that color image forming, by waiting neither stabili-
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zation of the rotation speed of polygon mirror 42K estab-
lished to the basis color, nor adjustment of timing until the
start ol 1mage forming for all of other colors.

FIG. 4 1s a block diagram showing an example of configu-
ration of a polygon mirror drive system for each color image
forming, and it 1s a diagram wherein polygon mirror drive
system (hereinafter referred to simply as'Y, M, C or K unit) for
cach color 1image forming i1s extracted from 1mage writing
units 3Y, 3M, 3C and 3K {for respective colors shown in FIG.
2.

Y unit 3Y shown 1n FIG. 4 1s composed of counter circuit
43Y, polygon drive CLK generating circuit 39Y, motor drive
circuit 37Y, polygon motor 36Y and index sensor 38Y.

The counter circuit 43Y determines output timing of YP-
CLK signal for driving polygon motor 36Y (polygon mirror
42Y). This output timing means a rising edge and falling edge
ol YP-CLK signal. WhenY-color image forming 1s made to be
a basis, CPU 35 determines output timing of YP-CLK signal
for the succeeding page, based on output value Y-CN'T signal
of counter circuit 43Y, a phase difference between YIDX
signal and YIDX signal, a phase difference between a base
point of count cycle of Y-ORG signal by counter circuit 43Y
and a base point of count cycle of Y-ORG signal by counter
circuit 43Y, and on Y-PHASE signal showing an amount of
phase control of polygon mirror 42Y. The amount of phase
control mentioned here means one which 1s calculated by
correcting an amount of correction for color registration
errors before correction of magnification for image size 1n
accordance with an amount of adjustment of magnification.

The CPU 55 controls individually a count cycle established
independently of each of polygon mirrors 42Y-42K, based on
CLK1 signal though counter circuits 43Y, $#M, 43C and
43K. The CPU 55 controls counter circuits 43Y, 43M, 43C
and 43K, based on YP-CLK signal outputted from polygon
drive CLK generating circuit 39Y, so that the count cycle may
be the same regarding image forming of the same page, when
driving polygon motor 36Y, and establishes count cycle indi-
vidually on each of image forming units 10Y, 10M, 10C and
10K for each color, to execute speed control.

Polygon drive CLK generating circuit 39Y 1s connected
with counter circuit 43Y, and generates YP-CLK, referring to
output values of the counter circuit 43Y. The polygon drive
CLK generating circuit 39Y has therein phase detection cir-
cuit 301 for index use, phase detection circuit 302 for counter
use and calculating & comparing section 303.

In the phase detection circuit 301 for index, phase differ-
ence PY between YIDX signal for Y-color image forming and
YIDX signal 1s detected. In the phase detection circuit 302 for
counter, phase difference AY between a base point of a count
cycle of Y-ORG signal by counter circuit 43Y for Y-color
image forming and a base point of a count cycle of Y-ORG
signal 1s detected. To the phase detection circuits 301 and 302,
there 1s connected calculating & comparing section 303 con-
stituting an example of a calculation section which carry out
an operation for phase difference PY, phase difference AY and
Y-PHASE to calculate an amount of phase adjustment. In the
present example, “an amount of phase adjustment=0" 1s out-
putted because of Y-color image forming basis. The calculat-
ing & comparing section 303 executes polygon mirror drive
control 1n the case of magnification correction in terms of an
image size, with YP-CLK signal for controlling a rotation
speed of polygon mirror 42Y generated based on the result of
the operation.

To the counter circuit 43M, there 1s connected polygon
drive CLK generating circuit 39M which generates MP-CLK,
referring to the output value of the counter circuit 43M. The
polygon drive CLK generating circuit 39M has therein phase
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detection circuit 304 for index, phase detection circuit 305 for
counter and calculating & comparing section 306.

In the phase detection circuit 304 for index, phase differ-
ence PM between YIDX signal for Y-color image forming and
MIDX signal 1s detected. The phase difference PM between
YIDX signal and MIDX signal 1n this case means a phase
difference between a main scanning basis signal for Y-color
image writing unit 3Y immediately before conducting mag-
nification correction in terms ol an 1mage size and main
scanning basis signal for M-color image writing unit 3M. In
the phase detection circuit 305 for counter, phase differences
AM and AM' each between a base point of a count cycle of
Y-ORG signal by counter circuit 43Y for Y-color image form-
ing and a base point of a count cycle of M-ORG signal for
M-color 1image forming 1s detected. This phase difference
AM 1s one between a base point of a count cycle of counter
circuit 43Y for Y-color image writing unit 3Y immediately
before conducting magnification correction 1n terms of an
image size and a base point of a count cycle of counter circuit
43M for M-color image writing unit 3M, while, phase differ-
ence AM' 1s a phase difference from a base point of a count
cycle 1n the state where counter circuits 43Y and 43M after
magnification correction in terms of an 1mage size arrive at a
count cycle.

To the phase detection circuits 304 and 305, there 1s con-
nected calculating & comparing section 306 which carries out
an operation for phase difference PM, phase differences AM
and AM' as well as M-PHASE to calculate an amount of phase
adjustment. Inaddition toY unit3Y and M umit 3M, C-K units
have the same configuration and are equipped with the same
functions. Therefore, explanation for them will be omitted
here.

Each of FIGS. 5(A)-5(F) 1s a time chart showing an
example of operations (YP-CLK basis time) before magnifi-
cation correction control in image forming section 60. In the
present example, there 1s shown the state before magnifica-
tion correction control 1n the occasion where YP-CLK signal
1s a basis (CNTPRD Y=CNTPRD M=N1).

YIDX signals shown 1n FIG. 5(A) are outputted from 1index
sensor 38Y shown 1n FIG. 4 before magnification correction
control to phase detection circuits 301 and 304. Y-CNT signal
shown 1n FIG. 5(B) 1s outputted from counter circuit 43Y
shown 1n FIG. 4 to calculatmg & comparing section 303. In
FIG. 5(B), a counter cycle 1s set by Y-CNTPRD signal to
output value N1.

YP-CLK signal shown i FIG. 5(C) 1s outputted from
calculating & comparing section 303 shown i FIG. 4 to
motor drive circuit 37Y. In FIG. 5(C), period (t5-11) 15 a clock
cycle oI YP-CLK signal before magnification correction con-
trol. At the point in time when counter circuit 43Y counts
N1/2, YP-CLK signal 1s reversed from a high level to a low
level.

MIDX signal shown 1n FIG. 5(D) 1s outputted from index
sensor 38M shown in FIG. 4 before magnification correction
control to phase detection circuit 304. M-CN'T signal shown
in FIG. 5. (E) 1s outputted from counter circuit 43M shown 1n
FIG. 4 to calculating & comparing section 306. In FI1G. S (E),
a counter cycle 1s set by M-CNTPRD signal to output value
N1. MP-CLK signal shown in FIG. 5(F) 1s outputted from
calculating & comparing section 306 to motor drive circuit
37Y. In FI1G. 5(F), period (t6-t2) 1s a clock cycle of MP-CLK
signal before magnification correction control. At the point in
time when counter circuit 43M counts N1/2, MP-CLK signal
1s reversed from a high level to a low level.

In this example, when Al represents a phase difference
between rising time t1 of YP-CLK signal shown in FIG. 5(C),

namely, a count base point of counter circuit 43Y for Y-color
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image forming and rising time t2 of MC-CLK signal, namely,
a count base point of counter circuit 43M for M-color image
forming, phase detection circuit 3035 detects this phase differ-
ence Al.

Further, when P1 represents a phase difference between
rising time t3 of YIDX signal shown 1n FIG. 5(A) and rising
time t4 of MIDX signal shown 1n FIG. 5(D), phase detection
circuit 304 detects this phase difference P1. In the mean time,
E1 represents a rising edge of MP-CLK signal for M-color
image forming before magnification correction control
shown 1n FIG. 5(E). In the present example, E1 equals 1.

Each of FIGS. 6(A)-6(F) 1s a time chart showing an
example of operations (YP-CLK signal basis time) after mag-
nification correction control in 1image forming section 60. In
this example, there 1s shown the state after magnification
correction control 1n the occasion where YP-CLK signal 1s a
basis (CNTPRD Y=CNTPRD M=N1).

YIDX signals shown in FIG. 6(A) are outputted from index
sensor 38Y shown 1n FIG. 4 after magnification correction
control to phase detection circuits 301 and 304. Y-CNT signal
shown 1n FIG. 6(B) i1s outputted from counter circuit 43Y
shown 1n FIG. 4 to calculatmg & comparing section 303. In
FIG. 6(B), a counter cycle 1s set by Y-CNTPRD signal to
output value N2.

YP-CLK signal shown i FIG. 6(C) 1s outputted from
calculating & comparing section 303 shown 1n FIG. 4 to
motor drive circuit 37Y. In FIG. 6(C), period (t14-t11) 1s a
clock cycle oI YP-CLK signal after magnification correction
control. At the point 1n time when counter circuit 43Y counts
N2/2, YP-CLK signal 1s reversed from a high level to a low
level.

MIDX signal shown 1n FIG. 6(D) 1s outputted from imndex
sensor 38M shown 1n FIG. 4 after magmfication correction
control to phase detection circuit 304. M-CNT signal shown
in FI1G. 6(E) 1s outputted from counter circuit 43M shown 1n
FIG. 4 to calculating & comparing section 306. In FIG. 6 (E),
a counter cycle 1s set by M-CNTPRD signal to output value
N2. MP-CLK signal shown in FIG. 6(F) 1s outputted from
calculating & comparing section 306 to motor drive circuit
37Y. In FIG. 6(E), a clock of MP-CLK signal shown 1n FIG.
6(C) 1s caused to rise at E2.

In this example, when A2 represents a phase difference
between rising time t11 of YP-CLK signal shown in FIG.
6(C), namely, a count base point of counter circuit 43Y for
Y-color image forming and rising time t13 of MC-CLK sig-
nal, namely, a count base point of counter circuit 43M for
M-color image forming, phase detection circuit 305 detects
this phase difference A2.

When N1 represents a counter output value of MP-CLK
signal before magnification correction control, N2 represents
a counter output value of MP-CLK signal after magnification
correction control, AP represents an amount of phase adjust-
ment of polygon mirror 42M and P2 represents a phase dii-
terence between YIDX signal after magmification correction
control and MIDX signal for M-color image forming, calcu-
lating & comparing section 306 carries out operation of the
following expression (1).

P2=(P1+AP)xN2/N1 (1)

A counter base point for M-color 1mage forming after
magnification correction control shown 1n FIG. 6(E) 1s rep-
resented by E2. Together with this, the calculating & com-
paring section 306 carries out an operation for the following
expression (2), when Al represents a phase difference
between a count base point of counter circuit 43Y for Y-color
image forming before magnification correction control and a
count base point of counter circuit 43M for M-color image
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forming, A2 represents a phase difference between a count
base point of counter circuit 43Y for Y-color image forming
alter magnification correction control and a count base point
ol counter circuit 43M for M-color image forming, E1 rep-
resents a counter base point for M-color 1mage forming
before magnification correction control and E2 represents a
rising edge of MP-CLK signal for M-color image forming for
the succeeding page after magnification correction control.

E2=(42-A1)+(P2-P1)+E1 (2)

By controlling drive of a polygon motor through this opera-
tion, 1t 1s possible to execute rotation speed control and phase
control of polygon mirror 42Y simultaneously, and thereby to
reduce a stabilizing time for rotation.

Incidentally, both Cunit 3C and K unit 3K employ the same
configuration as that of M unit 3M. CLK1 signals are supplied
commonly to counter circuits 43Y, 43M, 43C and 43K
respectively for Y-color, M-color, C-color and K-color image
forming. Since the same operation 1s carried out also between
counter circuit 43Y, 43C or 43K for other color image form-
ing, an explanation will be omuitted.

With regard to a rising edge position and a falling edge
position for each of YP-CLK signal, MP-CLK signal, CP-
CLK signal and KP-CLK signal, it 1s possible to determine
output timing by deciding a counter value, by comparing
counter circuits 43Y and 43M for generating Y P-CLK signal,
MP-CLK signal, CP-CLK signal and KP-CLK signal. There-
tore, CPU 35 can execute speed control and phase control
simultaneously without comparing phases of YIDX signal,
MIDX signal, CIDX signal and KIDX signal newly, which
can restrain a decline of productivity.

Each of FIGS. 7(A)-7(H) 1s a time chart showing an
example of operations (Y-color basis) after magnification
correction control of color copier 100.

The assumption of the present example 1s an occasion
wherein Y-color image forming processing 1s executed on a
sheet fed out of tray 2 after image forming processing on a
sheet coming from tray 1 has been completed entirely. In this
case, image forming processing on a sheet coming from tray
1 1s made to be the state before magnification correction
control, Y-color image forming processing on a sheet fed out
of tray 2 1s made to be-the state after magnification correction
control. In the state before magnification correction control,
in other words, 1n the state of giving no phase control amount
AP, phase difference Al between a count base point of counter
circuit 43Y for Y-color image forming and a count base point
of counter circuit 43M for M-color image forming 1s detected,
and phase difference P1 between rising time of UIDX signal
and rising time of MIDX signal 1s detected.

Betfore Magnification Correction Control

Under the foregoing serving as operation conditions,
VTOP signal shown 1n FIG. 7(A) rises at time 121" when a
leading edge of a sheet fed out of tray 1 1s detected and the
VTOP signal 1s synchronized with YIDX signal shown in
FIG.7 (D). YVV start timing shown in FIG. 7(B) rises at time
122" when an unillustrated YIDX counter 1s started, the num-
ber of pulses of YIDX signal i1s counted, and the YVV start
timing 1s synchronized with the YIDX signal. YTV signal
shown 1n FIG. 7(C) rises at time 123" when the Y V si1gnal 1s
synchronized with YIDX signal shown in FIG. 7(D). Y-color
image forming 1s carried out on a sheet coming from tray 1
during the period of “H” level of the YVV signal.

In this case, YIDX signals shown 1n FIG. S(A) are output-
ted to phase detection circuits 301 and 304 from index sensor
38Y shown in FIG. 4 before magnification correction control.
Y-CNT signal shown 1n FIG. 5(B) 1s outputted to calculating
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& comparing section 303 from counter circuit 43Y shown 1n
FIG. 4. In this case, a counter cycle shown 1n FIG. 5(B) 1s set

to output value N1 by Y-CNTPRD signal. Further, YP-CLK
signal shown in FIG. 5(C) 1s outputted from calculating &
comparing section 303 to motor drive circuit 37Y. In the
example shown 1n FIG. 5(C), period (t5-t1) 1s a clock cycle of
YP-CLK signal before magnification correction control.

M-color image forming on a sheet coming from tray 1 1s
carried out during the period of “H” level of the MVV signal
shown 1n FIG. 7(E). In this case, MIDX signal before mag-
nification correction control shown 1n FIG. 3(D) 1s outputted
to phase detection circuits 304 from index sensor 38Y shown
in FIG. 4. M-CN'T signal shown 1n FIG. 5(E) 1s outputted to
calculating & comparing section 306 from counter circuit
43M shown 1n FIG. 4. Further, a counter cycle shown 1n FIG.
5(E) 1s set to output value N1 by M-CNTPRD signal. MP-
CLK signal shown 1n FIG. 5(F) 1s outputted from calculating
& comparing section 306 to motor drive circuit 37Y. In the
example shown 1n FIG. 5(F), period (t6-12) 1s a clock cycle of
MP-CLK signal before magnification correction control.

C-color image forming on a sheet coming from tray 1 1s
carried out during the period of “H” level of the CVV signal
shown 1 FIG. 7(F). KVV start timing shown in FIG. 7(G)
rises at time T24' when an unillustrated KIDX counter 1s
started, the number of pulses o1 YIDX signal 1s counted, and
the KVV start timing 1s synchronized with the YIDX signal.
KVYV signal shown 1n FIG. 7(H) rises at time 123" when the
KVYV signal 1s synchronized with KIDX signal shown in FIG.
7 (I). K-color image forming 1s started at “H” level of the
KVYV signal, and K-color image forming 1s carried out on a
sheet coming from tray 1 during the period of the “H” level.

After Magnification Correction Control

In the image forming unit 3Y wherein Y-color image form-
ing on a sheet coming from tray 1 has been completed, rota-
tion speed control for the polygon mirror for Y-color image
forming 1s conducted for executing magnification correction
control for 1image forming on the succeeding page. rotation
speed control for the polygon mirror for Y-color image form-
ing 1s executed after KVV signal shown in FIG. 7 (H) rises.
The reason for this 1s that image forming start timing for each
color 1s created with a basis of Y-color. In the course of this
control for speed change, a frequency of YIDX signal is
fluctuated.

In this example, YIDX signals shown 1n FIG. 6(A) after

magnification correction control are outputted from index
sensor 38Y shown in FIG. 4 to phase detection circuits 301
and 304. Y-CN'T signal shown 1n FIG. 6(B) 1s outputted from
counter circuit 43Y shown in FIG. 4 to calculating & com-
paring section 303.

In the example shown 1n FIG. 6(B), a counter cycle 1s set to
output value N2 by Y-CNTPRD signal. YP-CLK signal
shown 1n FI1G. 6(C) 1s outputted from calculating & compar-
ing section 303 to motor drive circuit 37Y. In the example
shown 1n FIG. 6(C), period (t14-t11) 1s a clock cycle of
YP-CLK signal after magnification correction control. In this
example, Y-color image forming processing on a sheet fed out
of tray 2 after waiting for stabilizing time Ty that 1s required
for polygon mirror 427Y to be stabilized in terms of rotation 1s
started, after a rotation speed of polygon motor 36Y 1s
changed.

In this example, M-CNT signal shown i FIG. 6(E), for
example, 1s outputted from counter circuit 43M shown 1n
FIG. 4 to calculating & comparing section 306, after comple-
tion of Y-color image forming (or in the course of M-color
image forming) on a sheet coming from tray 1. In FIG. 6(E),
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a counter cycle 1s set by M-CNTPRD signal to output value
N2. Further, phase control amount AP 1s established by
M-PHASE signal.

Phase detection circuit 305 detects phase difference Al
between rising time t1 of YP-CLK signal shown in FIG. 5(C),
namely, a count base point of counter circuit 43Y for Y-color
image forming, and rising time t2 of MP-CLK signal, namely,
a count base point of counter circuit 43M for M-color image

forming. Further, phase difference P1 between rising time t3

of YIDX signal shown in FIG. 5(A), and rising time t4 of
MIDX signal shown 1n FIG. 5(D) 1s detected by phase detec-
tion circuit 304. In the mean time, the expression of E=0 holds
for a rising edge of MP-CLK signal for M-color image form-
ing before magnification correction control shown 1n FIG.
5(E).

In this case, calculating & comparing section 306 inputs
counter output value N1 of MP-CLK signal before magnifi-
cation correction control, counter output value N2 of MP-
CLK si1gnal after magnification correction control, phase con-
trol amount AP of polygon mirror 42M, and phase difference
P1 between rising time of YIDX signal and rising time of
MIDX signal, then, carries out an operation for the expression
(1) explamned earlier, and calculates phase difference P2
between YIDX signal aiter magnification correction control

and MIDX signal for M-color image forming.

-

Then, MIDX signal after magnification correction control
shown 1n FIG. 6(D) 1s outputted from index sensor 38M
shown 1n FIG. 4 to phase detection circuit 304. M-CN'T signal
shown 1n FIG. 6(E) 1s outputted from counter circuit 43M to
calculating & comparing section 306 both are shown 1n FIG.
4. In the example shown in FI1G. 6(E) a counter cycle 1s set by
M-CNTPRD signal to output value N2. MP-CLK signal
shown 1n FIG. 6(F) 1s outputted from calculating & compar-
ing section 306 to motor drive circuit 37M.

In this example, phase detection circuit 3035 detects phase
difference A2 between rising time t11 of YP-CLK signal
shown 1 FIG. 6(C), namely, a count base point of counter
circuit 43Y for Y-color image forming, and rising time t13 of
MP-CLK signal, namely, a count base point of counter circuit
43M for M-color image forming.

In the example shown 1n FIG. 6(E), a clock of MP-CLK
signal after magnification correction control rises at E2. In
this case, calculating & comparing section 306 inputs phase
difference Al between a count base point of counter circuit
43Y for Y-color image forming before magnification correc-
tion control and a count base point of counter circuit 43M for
M-color image forming, phase difference A2 between a count
base point of counter circuit 43Y for Y-color image forming,
alfter magnification correction control and a count base point
ol counter circuit 43M for M, phase difference P1 between
rising time of YIDX signal and rising time of MIDX signal,
phase difference P2 between YIDX signal after magnification
correction control calculated by phase control amount AP and
MIDX signal for M-color image forming, and counter base
point E1 for M-color image forming before magnification
correction control, and carries out an operation for expression
(2) to calculate count base point E2 of counter circuit43M for
the M-color 1mage forming on a sheet coming from tray 2

alter magnification correction control.

Based on this count base point E2, a rotation speed of
polygon motor 36M 1s changed. Even in this example,
M-color 1mage forming processing 1s started on a sheet fed
out of tray 2, after waiting for stabilizing time Tm during
which a rotation of polygon mirror 42M 1s stabilized, from the
moment of rotation speed changes for polygon motor 36 M
and of phase changes for polygon mirror 42M.
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Incidentally, atter completion of C-color image forming on
a sheet coming from tray 1, rotation speed changes and phase
changes for the polygon mirror for C-color image forming are
controlled, 1n the same way as 1n the M-color image forming
mentioned above. In this example, C-color image forming,
processing on a sheet fed out of tray 2 1s started, after waiting,
for stabilizing time Tc¢ during which a rotation of polygon
mirror 42C 1s stabilized, from the moment of rotation speed
changes for polygon motor 36C and of phase changes for
polygon mirror 42C.

Further, after completion of K-color image forming on a
sheet coming from tray 1, rotation speed changes and phase
changes for the polygon mirror for K-color image forming are
controlled. A frequency of KIDX signal 1s fluctuated 1n the
course ol controlling speed changes and phase changes. In
this example, K-color image forming processing on a sheet
ted out of tray 2 1s started after waiting for stabilizing time Tk
during which a rotation of polygon mirror 42K 1s stabilized,
from the moment of rotation speed changes for polygon
motor 36K and of phase changes for polygon mirror 42K.

In the example of 1image forming operations in the course of
switching trays of this kind, there 1s a merit that Y-color image
forming processing on a sheet fed out of tray 2 can be started
before 1mage processing on a sheet coming from tray 1 1s
totally completed.

In the color copier 100 in the first example, polygon mir-
rors 42Y-42K for respective colors are provided indepen-
dently of others as stated above. When Y-color image forming
serves as a basis under the assumption of the foregoing,
calculating & comparing section 306 inputs phase difference
Al between a count base point of counter circuit 43Y before
magnification correction control and a count base point of
counter circuit 43M, phase difference A2 between a count
base point of counter circuit 43Y aiter magnification correc-
tion control for Y-color image forming after magnification
correction control and a count base point of counter circuit
43M, phase difference P1 between rising time of YIDX signal
and rising time of MIDX signal, phase difference P2 between
YIDX signal after magnification correction control calcu-
lated by phase control amount AP and MIDX signal for
M-color 1image forming, and counter base point E1 before
magnification correction control, and carries out an operation
for expression (2) to calculate count base point E2 of counter
circuit 43M for the M-color image forming on a sheet coming
from tray 2 after magnification correction control.

It 1s therefore possible to shorten stabilizing time that sta-
bilizes a rotation for each of polygon mirrors 42Y-42K, com-
pared with a conventional method, because speed control and
phase control can be executed simultaneously for polygon
mirror 42M, polygon mirror 42C and further for polygon
mirror 42K. Owing to this, a period of time required for
magnification changes can be reduced sharply, and thereby, a
decline of productivity of operations for magnification cor-
rection control can be restrained, which greatly contributes to
continuous high speed processing for color images. In other
words, even when executing operations for magnification
correction control, the same productivity as in the occasion of
executing no operations for magnification correction control
can be secured, because 1mage forming on a succeeding page
can be started after waiting for only about a half of stabilizing
time 1n a conventional method from a termination of 1image
forming on the present page.

In this example, CPU 55 executes phase control under the
basis of counter circuit 43Y of image forming unit 10Y for
image forming of Y-color representing the first color for
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image forming. In this way, a period of stabilizing time can be
reduced, and unwastetul control can be made possible.

In this example, when 1image writing units are arranged 1n
the order of image writing unit 3Y for Y-color, image writing
unit 3M for M-color, image writing unit 3C for C-color and
image writing unit 3K for K-color, wherein the one that forms
an 1mage earliest comes first, the CPU 55 controls rotations
and phases of respective polygon mirrors 42Y, 42M, 42C and
42K so that M-color image forming unit 3M may use a base
pomnt of a count cycle of polygon drive CLK generating
counter circuit 43Y for polygon mirror 42Y of Y-color image
writing unit 3Y as a basis, C-color image writing unit 3C may
use a base point of a count cycle of polygon drnive CLK
generating counter circuit 43M for polygon mirror 42M of
M-color image writing unit 3M as a basis, and K-color image
writing unit 3K may use a base point of a count cycle of
polygon drive CLK generating counter circuit 43C for poly-
gon mirror 42C of C-color 1image writing unit 3C as a basis.
By doing this, timing restriction can be restrained even when
a scale of a machine 1s large, resulting in control wherein

stabilizing time for stabilization i1n rotation of a polygon
mirror 1s reduced.

Embodiment 2

FIG. 8 1s a block diagram showing an example of configu-
ration of color copier 200 as the second embodiment.

Unlike the first embodiment, this embodiment 1s equipped
with a pseudo index signal generating circuit (hereimnafter
referred to as pseudo IDX generating circuit 12), and based on
pseudo index signals (main scanning basis signals), control of
rotation speed change and control of phase change both for a
polygon mirror 1n each color image forming before and after
magnification correction are executed simultaneously (third
image forming apparatus). The pseudo index signal 1n this
case (hereinafter referred to as MST-IDX signal) means a
signal that 1s created through cycle establishment based on a
cycle of main scanning basis signal (index signal which 1s
called IDX signal hereafter) for drive control of a polygon
MIrror.

FIG. 8 1s a block diagram showing an example of configu-
ration of a control system of color copier 200. The color
copier 200 shown 1n FIG. 8 has controller 15' that determines
start timing of image forming on a prescribed surface of sheet
P based on MST-IDX signal. To this controller 15, there are
connected pseudo IDX generating circuit 12, image memory
13, image processing section 16, communication section 19,
sheet feeding section 20, operation panel 48, 1mage forming
section 60' and 1mage reading unit 102.

The controller 15' has therein ROM 53, RAM 54 for work
and CPU 55'. The CPU 5% executes color image forming
control on a prescribed surface of sheet P based on IDX signal
whose cycle 1s fluctuated by rotation speed control and phase
control of polygon mirror 42Y and on MST-IDX signal hav-
ing a fixed cycle, when forming a dolor image on prescribed
sheet P. In this example, the CPU 55' determines VTOP signal
in color image forming processing from the front face to the
rear face of sheet P and VTOP signal 1n color image forming

processing in switching of sheet feeding from tray 1 to tray 2,
based on single MST-IDX signal.

Image forming section 60" has image writing units 3Y, 3M.,
3C and 3K respectively for Y-, M-, C- and K-color image
forming, and inputs image data Dy, Dm, Dc and Dk for Y-, M-,
C- and K-color image forming from image memory for Y-,
M-, C- and K-color image forming to operate for forming an
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image on a prescribed surface of sheet P, based on IDX signal
for Y-, M-, C- and K-color image forming and MST-IDX
signal.

Further, the controller 15' 1s connected to pseudo IDX
generating circuit 12 which creates MST-IDX signal that
serves as a basis signal 1 the case of color image forming.
Incidentally, YIDX signal or the like 1s a signal whose cycle 1s
fluctuated by rotation speed control and phase control of
polygon mirror 42Y, while, MST-1IDX signal 1s one which 1s
not atfected by cycle fluctuation of a polygon mirror, to be set
to a fixed cycle.

Based on a single MST-1DX signal, the controller 15' deter-
mines 1mage forming start trigger (V1OP) signal in color
image forming processing from the front face to the rear face
of sheet P and VTOP signal in color image forming process-
ing in the case of switching sheet feeding from tray 1 to tray
2. The controller 15' executes color image forming control on
a prescribed surface of sheet P based on MST-IDX signal
created by pseudo IDX generating circuit 12 and on IDX
signals for Y-, M-, C- and K-color.

Owing to the foregoing, when forming a color image on
each of the front face and the rear face of the sheet, for
example, 1t 1s possible to execute accurately magnification
correction control on the front face and the rear face of the
sheet P, even when the sheet P shrinks after image forming on
the front face. Further, when forming color images by switch-
ing sheet feeding from tray 1 to tray 2, 1t 1s possible to execute
accurately magnification correction control on different
sheets, even when a sheet type 1n tray 1 1s different from that
in tray 2. By using this MST-IDX signal, a period of time
required for changing rotation speeds of a polygon mirror can
be shortened, and the maximum productivity can be secured
independently of a machine size.

Crystal oscillator 11 1s connected to pseudo IDX generat-
ing circuit 12, and CLK1 signals are generated to be outputted
to the pseudo IDX generating circuit 12 and to image writing,
units 3Y', 3M', 3C" and 3K for Y-, M-, C- and K-color image
forming. Incidentally, those having the names and symbols
which are the same as those 1n the first embodiment have the
same functions, thus, explanation for them will be omitted.

FIG. 9 1s a block diagram showing an example of configu-
ration of 1mage writing unit 3Y' for Y-color image forming
shown 1n FIG. 8 and 1ts peripheral circuit. Image writing unit
3Y' for Y-color image forming shown 1n FIG. 9 1s connected
to crystal oscillator 11, pseudo IDX generating circuit 12 and
CPU 55'. The image wrting unit 3Y' 1s composed, for
example, of crystal oscillator 31, pixel CLK generating cir-
cuit 32, horizontal synchronizing circuit 33, PWM signal
generating circuit 34, laser (LD) drive circuit 35, polygon
motor 36Y, motor drive circuit 37Y, index sensor 38Y, poly-
gon drive CLK generating circuit 39, timing signal generator
40" and Y-VV (Valid) generating circuit 41Y.

In this example, CPU 55' of the controller 15" executes
phase control on the basis of an output value of IDX counter
circuit 401 establishing a cycle of MST-IDX signal. For
example, the CPU 55' outputs Y-PHASE signal representing
a phase control value to polygon drive CLK generating circuit
39Y, based on a sequence program. The Y-PHASE signal 1s
established before the start of phase control of polygon mirror
42Y.

Further, the CPU 35' outputs equally animage leading edge
signal (hereimnafter referred to as VIOP signal) to timing
signal generator 40' based on the sequence program. The
VTOP si1gnal 1s a signal for synchromizing conveyance timing,
for sheet P with image forming timing.

Under the arrangement mentioned above, a frequency of
YP-CLK signal to be supplied to polygon motor 36Y for
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Y-color image forming can be controlled by CPU 33' inde-
pendently for each of other image forming units 10M, 10 C
and 10K for M-, C- and K-color image forming.

Timing signal generator 40' for determining image forming,
start timing for Y-color image forming i1s connected to the
aforesaid pseudo IDX generating circuit 12. The timing sig-
nal generator 40' 1s further connected to CPU 35', and selects
MST-IDX signal outputted from the pseudo IDX generating
circuit 12 based on VTOP signal outputted from CPU 55,
when forming an 1mage on the front face, for example, and
counts the number of pulses of MST-1DX signal to determine
an 1mage forming start timing for Y-color image forming on
the front face of the sheet based on the number of counted
pulses. Concurrently with determination of the 1image form-
ing start timing for Y-color image forming, image forming
start signal (hereinaiter reterred to as ST'T signal) 1s outputted
to Y-VV creating circuit 41Y.

Y-VV creating circuit 41Y counts the number of pulses of
YIDX signal based on STT signal outputted from timing
signal generator 40", and creates sub-scanning effective area
signal (heremafter referred to as YVV signal) for Y-color
image forming on the front face of the sheet based on the
number of counted pulses. YVV signal 1s outputted to image
memory 83 for Y-color image forming.

Further, timing signal generator 40' selects MST-IDX s1g-
nal outputted from pseudo IDX generating circuit 12 based on
VTOP signal outputted from CPU 55" immediately before the
start of 1mage forming on the rear face, for example, and
counts the number of pulses of the MST-IDX signal to deter-
mine 1mage forming start timing for Y-color image forming
on the rear face of the sheet based on the number of counted
pulses. Concurrently with determination of the image form-
ing start timing for Y-color image forming, ST'T signal (image
forming start signal) 1s outputted to Y-VV creating circuit
41Y.

Y-VV creating circuit 41Y counts the number of pulses of
YIDX signal based on STT signal outputted from timing
signal generator 40', and creates YVV signal for Y-color
image forming on the rear face of the sheet based on the
number of counted pulses. YVV signal 1s outputted to image
memory 83 for Y-color image forming.

Polygon drive CLK generating circuit 39Y 1s connected to
crystal oscillator 11, pseudo IDX generating circuit 12 and to

CPU 55", to operate to create polygon drive clock signal
(YP-CLK signal) based on YIDX signal, CLK1 signal, MS'T-

IDX signal and Y-CNTPRD signal.

The Y-CNTPRD signal 1s outputted to polygon drive CLK
generating circuit 39Y from CPU 55' when forming images
on the front and rear faces. The YIDX signal 1s outputted to
polygon drive CLK generating circuit 39Y from index sensor
38Y. The CLK1 signal i1s outputted to polygon drive CLK
generating circuit 39Y from crystal oscillator 11. The MST-
IDX signal 1s outputted to polygon drive CLK generating
circuit 39Y from pseudo IDX generating circuit 12. An
example of internal configuration of polygon drive CLK gen-
erating circuit 39Y will be explained, referring to FI1G. 10. In
the mean time, since other image writing units 3M', 3C' and
3K' for color image forming also have the same configura-
tions and functions, explanation for them 1s omitted.

Although crystal oscillator 31, pixel CLK generating cir-
cuit 32, horizontal synchronizing circuit 33, PWM signal
generating circuit 34, polygon drive CLK generating circuit
39Y, timing generator 40' and Y-VV generating circuit 41Y
are included 1n the image writing unit 3Y"' 1n this example, the
invention 1s not limited to this, and these circuit elements may
also be included 1n 1mage processing section 16 or 1n control-

ler 15'.
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With the controller 15' constituted 1n the aforesaid manner,
control for rotation speed change and phase change of poly-
gon mirror 42Y 1s executed after completion of each color
image forming based on MST-IDX signal established to pre-
scribed cycle. Due to this, 1t 1s possible to execute control of
rotation speed change and phase change of a polygon mirror
for that color image forming. Incidentally, those having the
names and symbols which are the same as those in the first
embodiment have the same functions, thus, explanation for
them will be omaitted.

FIG. 10 1s a block diagram showing an example of con-
figuration of a polygon mirror drive system including a
pseudo IDX generating circuit.

In this example, pseudo IDX generating circuit 12 1s pro-
vided, and MST-IDX signals are supplied to units 3Y'-3K'
respectively for Y, M, C and K to control polygon mirrors
42Y-42K, which 1s different from the polygon mirror drive
system shown in FIG. 4.

Pseudo IDX generating circuit 12 shown 1 FIG. 10 1s
composed of IDX counter circuit 401 and comparator 402.
The IDX counter circuit 401 1s connected to crystal oscillator
11 and to CPU 55%', and counts CLLK1 signals based on I-CN'T-
PRD signal to output I-CNT signal (output value) to the
comparator 402. The I-CNTPRD signal 1s one to set a cycle of
MST-IDX signal, and 1t 1s set to IDX counter circuit 401 from
the CPU 55"

The comparator 402 compares I-CNT signal outputted
from IDX counter circuit 401 with W-MASTIDX signal for
determining a period of a high (H) level of MST-IDX signal
outputted from CPU 355', and outputs MST-IDX signal. The
MST-IDX signals are outputted to units 3Y'-3K' respectively
forY, M, C and K.Y unit 3Y" 1s composed of counter circuit
43Y, polygon drive CLK generating circuit 39Y, motor drive
circuit 37Y, polygon motor 36Y and index sensor 38Y.

Counter circuit 43Y determines output timing of YP-CLK
signal for driving polygon motor 36Y (polygon mirror 42Y).
When MST-IDX signal 1s a basis 1n the case of color image
tforming, CPU 55' controls output timing of YP-CLK signal
for the next page based on output value Y-CNT signal of
counter circuit 43Y, a phase difference between MST-IDX
signal and YIDX signal, a phase difference between a base
point of count cycle of I-ORG signal by counter circuit 401
and a base point of a count cycle of Y-ORG signal by counter
circuit 43Y and on Y-PHASE signal showing an amount of
phase control of polygon mirror 42Y.

The CPU 55' controls a count cycle-established indepen-
dently of polygon mirrors 42Y-42K shown 1n FIG. 1 through
units 3Y'-3K' respectively for Y, M, C and K, based on
MST=IDX signal. In the case of driving polygon motor 36Y
based on YP-CLK signal, the CPU 35' controls units 3Y'-3K'
respectively forY, M, C and K so that count cycles may be the
same each other concerning 1mage forming on the same page,
and establishes count cycles individually for units 3Y'-3K'
respectively for Y, M, C and K to execute speed control.

Further, the CPU 55' controls calculating & comparing
section 303 to calculate an amount of phase control based on
a base point of a count cycle ol I-ORG signal by IDX counter
circuit 401, a base point of a count cycle by counter circuit
43Y on which the aforesaid speed control has been com-
pleted, and on an amount of phase control (an amount of
adjustment for phase difference deviation), to execute phase
control for controlling a phase of YP-CLK signal based on
this amount of phase adjustment.

Polygon drive CLK generating circuit 39Y is connected to
counter circuit 43Y to generate YP-CLK signal, referring to
an output value of the counter circuit 43Y. The polygon drive
CLK generating circuit 39Y has phase detecting circuit 301
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for indexing, phase detecting circuit 302 for a counter and
calculating & comparing section 303.

Phase difference PY between MST-IDX signal and YIDX
signal 1s detected by the phase detecting circuit 301. Phase
difference AY between a base point of acount cycle o Y-ORG
signal by counter circuit 43Y for Y-color image forming and
a base point of a count cycle of Y-ORG 1s detected by the
phase detecting circuit 302. The phase detecting circuits 301
and 302 are connected to calculating & comparing section
303 constituting an example of an operation section that
carries out operation for phase difference PY, phase differ-
ence AY and Y-PHASE to calculate an amount of phase
adjustment. In this example, an amount of phase adjustment
equaling zero 1s outputted because of Y-color image forming
basis. Incidentally, an explanation of internal configurations
of units 3M'-3K' respectively for M, C and K will be omuitted
here, because each of them employs the same configuration
and same function as in unit 3Y" for Y.

Each of FIGS. 11(A)-11(E) 1s a time chart showing opera-
tion examples (in MST-IDX basis) before magnification cor-
rection control 1n 1image forming section 60'. In this example,
there 1s shown the state before magnification correction con-

trol (CNTPRD I=CNTPRD M=N1) under the occasion
where MST-IDX signal 1s a basis.

MST-IDX signals shown in FIG. 11(A) are outputted from
comparator 402 shown 1n FIG. 10 before magnification cor-
rection control to phase detecting circuit 301 of unit 3Y' forY
and to phase detecting circuits of other umllustrated units for
M, C and K. I-CNT signal shown 1n FIG. 11(B) 1s outputted
to comparator 402 from IDX counter circuit 401 of pseudo
IDX generating circuit 12 shown in FIG. 10. In FIG. 11(B), a
counter cycle 1s set to output value N1 by I-CNTPRD signal.

YIDX signal shown in FIG. 11(C) 1s outputted from index
sensor 38Y shown 1n FIG. 10 before magnification correction
control to phase detecting circuit 301. Y-CNT signal shown 1n
FIG. 11(D) 1s outputted from counter circuit 43Y shown 1n
FIG. 10 to calculating & comparing section 303. In FIG.
11(D), a counter cycle 1s set to output value N1 by Y-CN'I-
PRD signal.

YP-CLK signal shown in FIG. 11(E) 1s outputted from
calculating & comparing section 303 shown in FIG. 10 to
motor drive circuit 37Y. In FIG. 11(C), a period (t5-t1) 1s a
clock-cycle of YP-CLK signal before magnification correc-
tion control. YP-CLK signal 1s reversed from high level to low

level at the point in time when counter circuit 43Y counts
N1/2.

In this example, when P1' represents a count base point of
IDX counter circuit 401 shown i FIG. 11(A), namely, a
phase difference between rising time t21 of MST-IDX si1gnal
and rising time t23 of YIDX signal shown i FIG. 11(C),

phase detecting circuit 301 detects this phase difference P1'.

When Al' represents a phase difference between rising
time t21 of MST-IDX signal shown in FIG. 11(A), namely, a
count base point of IDX counter circuit 401 and rising time
122 of YP-CLK signal shown in FIG. 11(D), namely, a count
base point of counter circuit 43Y for Y-color image forming,
phase detecting circuit 302 detects this phase difference Al'.
Incidentally, a counter base point for Y-color image forming
before magnification correction control shown i FIG. 11(D)
1s made to be E1' which equals zero 1n this example.

Each of FIGS. 12(A)-12(E) 1s a time chart showing opera-
tion examples (1in MST-IDX basis) before magnification cor-
rection control 1n 1image forming section 60'. In this example,

there 1s shown the state after magnification correction control
(CNTPRD I=CNTPRD M=N2) under the occasion where

MST-IDX signal 1s a basis.
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MST-IDX signals shown in FIG. 12( A) are outputted from
comparator 402 shown 1n FIG. 10 after magnification correc-
tion control to phase detecting circuit 301 of unit 3Y' forY and
to phase detecting circuits of other unillustrated units for M,
C and K. I-CNT signal shown 1n FIG. 12(B) 1s outputted to
comparator 402 from IDX counter circuit 401 of pseudo IDX
generating circuit 12 shown in FIG. 10. In FIG. 12(B), a
counter cycle 1s set to output value N2 by I-CNTPRD signal.

YIDX signal shown in FIG. 12(C) 1s outputted from index
sensor 38Y shown in FIG. 10 after magnification correction
control to phase detecting circuit 301 and phase detecting
circuit 304. Y-CN'T signal shown in FIG. 12(D) 1s outputted
from counter circuit 43Y shown 1n FIG. 10 to calculating &
comparing section 303. In FIG. 12(D), a counter cycle 1s set
to output value N2 by Y-CNTPRD signal. YP-CLK signal
shown 1 FIG. 12(E) 1s outputted from calculating & com-
paring section 303 shown i FIG. 10 to motor drive circuit
37Y.

In this example, when A2' represents a phase difference
between a count base point (time t31) of IDX counter circuit
401 shown 1in FIG. 12(B) and a count base point (time t32) of
counter circuit 43Y for Y-color image forming, phase detect-
ing circuit 302 detects this phase difference A2'.

For example, when N1 represents a counter output value of
YP-CLK signal before magnification correction control, N2
represents a counter output value of YP-CLK signal after
magnification correction control, P1' represents a phase dii-
terence between rising time t21 of MST-1DX signal shown 1n
FIG. 11(A) and rnising time t23 of YIDX signal shown 1n FIG.
11(C), AP represents an amount of phase control of polygon
mirror 42Y and P2' represents a phase difference between
MST-IDX signal after magnification correction control and
YIDX signal for Y-color image forming, the calculating &
comparing section 303 carries out operation for the following
expression (3).

[l

P2'=(P1'+AP)xN2/N1 (3)

In this case, E2 represents a counter base point for Y-color
image forming aiter magnification correction control shown
in FIG. 12(E). Together with calculation of phase difference
P2', the calculating & comparing section 303 carries out
operation for the following expression (4), when Al' repre-
sents a phase difference between rising time t21 of MST-IDX
signal shown i FIG. 11(A), namely, a count base point of
IDX counter circuit 401 and rising time 122 of YP-CLK signal
shown 1n FIG. 11(D), namely, a count base point of counter
circuit 43Y for Y-color image forming, A2' represents a phase
difference between a count base point of IDX counter circuit
401 shown 1n FIG. 12(B) (time t31) and a count base point of
counter circuit 43Y for Y-color image forming (time t32), E1°
represents a counter base point for Y-color image forming
before magnification correction control, and E2' represents a
count base point of counter circuit 43Y for the Y-color image
forming on the next page after magnification correction con-
trol.

E2'=(A2'-A1"+(P2'-P1")+E1" (4)

Incidentally, M unit 3M', C unit 3C" and K unit 3K' employ
the same configuration as that ol Y unit 3Y"'. CLK1 signals are
supplied commonly to counter circuits 43Y, 43M, 43C and
43K respectively for Y-color, M-color, C-color and K-color
image forming. Since the same operation 1s carried out also
between IDX counter circuit 401 and counter circuit 43 M,

43C or 43K for other color image forming, an explanation
will be omitted.

As stated above, it 1s possible to determine the counter
value to be set, by comparing phases between IDX counter
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circuit 401 and counter circuits 43Y, 43M, 43C and 43K
respectively for generating YP-CLK signal, MP-CLK signal,
CP-CLK signal and KP-CLK signal, regarding positions of
edges for rising and falling of YP-CLK signal, MP-CLK
signal, CP-CLK signal and KP-CLK signal. Therefore, CPU
55" can execute speed control and phase control simulta-
neously even when a single MST-IDX signal 1s made to be a
basis. Accordingly, even when magmification correction con-
trol 1s involved, a decline of its productivity can be restrained.

Next, operations of color copier 200 relating to the second
example will be explained. Each of FIGS. 13(A)-13(M) 1s a
time chart showing operation examples (MST-IDX signal
basis) before and after magnification correction control of the
color copier 200.

In this example, what 1s given as an example 1s an occasion
wherein a single MST-IDX signal 1s outputted from pseudo
IDX generating circuit 12 shown 1n FIG. 10, and speed con-
trol and phase control for polygon mirror 42Y and others
respectively for Y-color, M-color, C-color and K-color are
executed, under the basis of MST-IDX si1gnal that1s fixed to a
prescribed cycle (frequency).

In this example, MST-IDX signal shown in FIG. 13(L) 1s used
as base index signal in the case of phase adjusting for a

polygon.
Further, with respect to YVV-, MVV-, CVV- and KVV-

start timing respectively for Y-, M-, C- and K-color, there 1s
introduced, as an example, the occasion wherein the start
timing 1s determined by counting the number of pulses by
using MST-IDX signal as a count source, during period TX
from rising time of VTOP signal for image forming on a front
face of tray 1 to the time for rewriting the established value for
the front face of tray 1 to established value for the front face
of tray 2. Incidentally, regarding the established value of
frequency dividing for MST-IDX, the established value for
the front face of tray 1 shown in FIG. 13(M) together with an
unillustrated print start 1s stored in RAM 54 or the like. After
that, an established value for a front face of tray 1, an estab-
lished value for a front face of tray 2, an established value for
a rear face of tray 1 and an established value for a rear face of
tray 2 are set 1n order.

In this example, frequency dividing setting change timing,
of MS'T-IDX signal 1s determined after the KVV signal for the
last color (K-color) has risen and before the start of phase
change of the first image forming color (Y ). Further, there 1s
executed sheet feeding control for feeding out sheet P2 to an
image forming system from tray 2, so that VITOP signal for
image forming on a front face of tray 2 may be detected after
completion of phase change control of the first image forming
color (Y) for sheet P1 coming from tray 1.

Example of Control for Front Face Imaging with Tray 1
VTOP signal for front face imaging with tray 1 shown 1n
FIG. 13(A) rises at time 111 when a leading edge of sheet P1
fed out of tray 1 1s detected. After that, V'TOP signal rises, and
then, the number of pulses of MST-IDX signal 1s counted by
an unillustrated MST-IDX counter, and at time T2 that 1s
synchronized with a pulse count output of the first MST-IDX
signal, YVV start timing shown 1n FIG. 13(B) rises. After that,
the YVV start timing falls at time T13 that 1s synchronized
with the second pulse count output of the MST-IDX signal.
The number of pulses of YIDX signals shown 1n FIG. 13
(D) 1s counted by an unillustrated YIDX counter after gen-
cration ol YVV start timing, and at time 114 that 1s synchro-
nized with a pulse count output of the first YIDX signal, YVV
signal for front face of tray 1 shown 1n FIG. 13 (C) rises. An
“H” level period of YV'V s1gnal 1s determined by counting the
actual YIDX signal. During this “H” level period of the YVV
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signal, Y-color image forming processing on the front face of
sheet P1 coming from tray 1 1s carried out. After KVV signal
tor K-color has been changed from “L” level to “H” level after
completion of the Y-color image forming processing, ire-
quency dividing (ratio) setting of a counter for MST-IDX 1s
changed, and then, control of a rotation speed and a phase for
polygon mirror 42Y forY-color image forming is executed. In
this example, CPU 55' executes control of a rotation speed

and a phase for polygon mirror 42Y for Y-color based on
MST-IDX signal.

For example, in the calculating & comparing section 303 of
Y unit 3Y' for which Y-CNTPRED signal and Y-PHASE
signal are set from CPU 55", there are carried out operations
for counter output value N1 of YP-CLK signal before mag-
nification correction control, counter output value N2 of YP-
CLK signal after magnification correction control, phase dii-
terence P1' between a count base point of IDX counter circuit
401 shown i FIG. 11(A), namely, rising time t21 of MST-
IDX signal and rising time 123 of YIDX si1gnal shown in FIG.
11(C) and phase difference P2' between MST-IDX signal
alter magmfication correction control based on the expres-
sion (3) by mputting phase control amount AP of polygon
mirror 42Y and YIDX signal for Y-color image forming.

Together with the foregoing, the calculating & comparing
section 303 carries out an operation for count base point E2'
of counter circuit 43Y for the Y-color image forming for the
next tray (next page) after magnification correction control,

based on the expression (4) explained earlier, by 1nputting,
phase difference Al' between rising time 121 of MST-IDX

signal shown i FIG. 11(A), namely, a count base point of
IDX counter circuit 401 and rising time t22 of YP-CLK signal
shown 1 FIG. 11(D), namely, a count base point of counter
circuit 43Y for Y-color image forming, phase difference A2’
between a count base point (time t31) of IDX counter circuit
401 shown 1n FIG. 12(B) and a count base point (time t32) of
counter circuit 43Y for Y-color image forming, and counter
base point E1' for Y-color image forming before magnifica-
tion correction control. In this example, Y-color image form-
ing on a sheet fed out of tray 2 i1s started after waiting for
stabilizing time Ty' during which the rotation of polygon
mirror 427Y 1s stabilized, after the change of rotation speed of
polygon motor 36Y.

With respect to MV'V start timing shown 1n FIG. 13(E), the
number of pulses of MST-IDX signal 1s counted by an unil-
lustrated MST-IDX counter even after generation of YVV
start timing, and the MVV start timing rises at a time syn-
chronized with the fourth pulse count output of the MST-IDX
signal, and 1t falls at a time synchronized with the fifth pulse
count output, in this example. With respectto MV'V signal for
the front face of tray 1 shown in FIG. 13(F), the number of
pulses of MIDX signal 1s counted by an unillustrated MIDX
counter after generation of MVV start timing, and the MVV
signal rises at a time synchromized with a pulse count output
of the first MIDX signal. A period of “H” level of the MVV
signal 1s determined by counting the actual number of pulses
of-MIDX signal. During this “H” level period of the MVV
signal, M-color 1image forming processing 1s carried out on
the front face of sheet P1 coming from tray 1. After comple-
tion of this M-color 1mage forming processing, control of
rotation speed and phase of polygon mirror 42M for M-color
image forming 1s carried out. In the mean time, since opera-
tions 1n M unit 3M' are the same as those in Y unmit 3Y", 1ts
explanation will be omitted. In this example, and 1t falls at a
time synchronized with the fifth pulse count output, in this
example, M-color 1image forming on a sheet fed out of tray 2
1s started after waiting for stabilizing time Tm' during which
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the rotation of polygon mirror 42M 1s stabilized, after the
change of rotation speed of polygon motor 36M.

With respect to CVV start timing shown in FIG. 13(G), the
number of pulses of MST-IDX' s1ignal 1s counted by an unil-
lustrated MST-IDX counter even after generation of YVV
start timing and MV'V start timing, and the CW start timing,
rises at a time synchronized with the seventh pulse count
output of the MST-IDX signal, and 1t falls at a time synchro-
nized with the eighth pulse count output, 1n this example.
With respect to CVV signal for the front face of tray 1 shown
in FIG. 13(H), the number of pulses of CIDX signal is
counted by an unillustrated CIDX counter after generation of
CVV start timing, and the CVV signal rises at a time synchro-
nized with a pulse count output of the first CIDX signal.

A period of “H” level of the CVV signal 1s determined by
counting the actual number of pulses of CIDX signal. During
this “H” level period of the CVV signal, C-color image form-
ing processing 1s carried out on the front face of sheet P1
coming from tray 1. After completion of this C-color image
forming processing, control of rotation speed and phase of
polygon mirror 42C for C-color image forming 1s carried out.
In the mean time, since operations 1n C unit 3C' are the same
as those in'Y unit 3Y", 1ts explanation will be omitted. In this
example, C-color image forming on a sheet fed out of tray 2
1s started after waiting for stabilizing time Tc¢' during which
the rotation of polygon mirror 42C 1s stabilized, after the
change of rotation speed of polygon motor 36C.

With respect to KVV start timing shown 1n FIG. 13(1), the
number of pulses of MST-IDX signal 1s counted by an unil-
lustrated MST-IDX counter even aiter generation of YVV
start timing, MV'V start timing and CV'V start timing, and the
KVV start timing rises at a time synchronized with the tenth
pulse count output of the MST-IDX signal, and 1t falls at a
time synchronized with the eleventh pulse count output, in
this example. With respect to KVV signal for the front face of
tray 1 shown i FIG. 13(J), the number of pulses of KIDX
signal 1s counted by an unillustrated KIDX counter after
generation of KVV start timing, and the KVV signal rises at
a time synchronized with a pulse count output of the first
KIDX signal. A period of “H” level of the KVV signal 1s
determined by counting the actual number of pulses of KIDX
signal. During this “H” level period of the KVV signal,
K-color image forming processing 1s carried out on the front
face of sheet P1 coming from tray 1.

In this example, after KVV signal for the last color
(K-color)rises, an established value of frequency dividing for
MST-IDX shown 1n. FIG. 13(IM) 1s rewritten from the estab-
lished value for the front face of tray 1 to the established value
for the front face of tray 2. This switching of the established
value 1s executed betfore phase change control for 1n rotation
speed and phase control for polygon mirror 42Y for Y-color
image forming, and with a trigger of rising of KV'V si1gnal that
rises 1 synchronization with KIDX signal shown in FIG.
13(K). In this example, K-color image forming on a sheet fed
out of tray 2 1s started after waiting for stabilizing time TK'
during which the rotation of polygon mirror 42Y 1s stabilized,
alter the change of rotation speed of polygon motor 36Y.

Example of Control for Front Face Imaging with Tray 2

Further, after Y-color image forming on the front face of
sheet P1 coming from tray 1 has been completed, and after
control of phase change for polygon mirror 42Y for Y-color
image forming has been completed, sheet P2 1s fed out to an

image forming system from tray 2 through sheet feeding
control by CPU 5%'. A leading edge of the sheet P2 fed out of
tray 2 1s detected at time 116 shown 1n FI1G. 13(A), and VTOP

signal for the front face of tray 2 rises.
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After rising of this VIOP signal, the number of pulses of
MST-IDX signal 1s counted by an unillustrated MST-IDX
counter, and YVV start timing signal for the front face of tray
2 shown 1n FIG. 13(B) rises at time T17 that 1s synchronized
with pulse count output of the first MST-IDX signal. After
that, YVV start timing signal falls at time T18 that 1s synchro-
nized with the second pulse count output of MST-IDX signal.

The number of pulses of YIDX signals shown in FIG. 13
(D) 1s counted by an unillustrated YIDX counter after gen-
eration ol YVV start timing, and at time 119 that 1s synchro-
nized with a pulse count output of the first YIDX signal, YVV
signal for front face of tray 2 shown in FIG. 13 (C) rises. In
this example, K-color image forming processing 1s termi-
nated after YVV signal for the front face of tray 2 rises, and
then, control of rotation speed and phase of polygon mirror
42K for K-color image forming 1s executed. In the mean time,
since operations 1 K unit 3K' are the same as those in'Y unit
3Y", 1ts explanation will be omitted.

The number of pulses of YIDX signals shown in FIG. 13
(D) 1s counted by an unillustrated YIDX counter after gen-
eration ol YVV start timing, and at time 119 that 1s synchro-
nized with a pulse count output of the first YIDX signal, YVV
signal for front face of tray 2 shown 1 FIG. 13 (C) rises. A
period of “H” level of the YVV signal 1s determined by
counting the actual number of pulses o1 YIDX signal. During
this “H” level period of the YVV signal, Y-color image form-
ing processing 1s carried out on the front face of sheet P2
coming from tray 2. After completion of this Y-color image
forming processing, control of rotation speed and phase of
polygon mirror 42Y for Y-color image forming is carried out.
In the mean time, since operations for the front face of tray 2
ol Y unit 3Y" are the same as those for the front face of tray 1
of Y unit 3Y", 1ts explanation will be omaitted.

In the color copier 200 relating to the second example,
pseudo IDX generating circuit 12 1s provided, and control of
a rotation speed change and control of a phase change for the
polygon mirror 1n each color image forming before and after
magnification correction are executed simultaneously, based
on MST-IDX signal, as stated above. Under this assumption,
when Y-color image forming 1s a basis, phase difference P2’
between MST-IDX signal after magnification-correction
control and YIDX signal for Y-color image forming 1s calcu-
lated based on expression (3) 1n calculating & comparing
section 303 of unit 3Y" for Y where Y-CNTPRED signal and
Y-PHASE signal are set from CPU 35'. Together with this, the
calculating & comparing section 303 of Y unit 3Y" 1s caused
to calculate count base point E2' of counter circuit 43Y for the
Y-color image forming after magnification correction control
based on the expression (4) explained earlier. Calculation 1s
carried out 1n the same way as 1n the foregoing even for each
of units 3M'-3K' respectively for M-K.

Therefore, compared with a conventional method, it 1s
possible to shorten a period of stabilizing time during which
a rotation for each of polygon mirrors 42Y-42K 1s stabilized,
because speed control and phase control can be executed
simultaneously for polygon mirror 42Y, polygon mirror 42M,
polygon mirror 42C and polygon mirror 42K. Owing to this,
a decline of productivity in the case of magnification correc-
tion control operations can be restrained, which greatly con-
tributes to continuous high speed processing for color images.
In other words, image forming for next tray 2 can be started
alter waiting for the stabilizing time that 1s about a half of that
in the conventional method, aiter completion of 1mage form-
ing for the tray 1, thus, the same productivity as that 1n the
occasion of no execution of operations for magnification cor-
rection control can be secured even when operations for mag-
nification correction control are executed.
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Embodiment 3

FIG. 14 1s a block diagram showing an example of con-

figuration of a control system 1n color copier 300 relating to
the third embodiment.

The color copier 300 shown 1n FIG. 14 1s one to execute
color image forming control on a prescribed surface of sheet
P based on two pseudo main scanning basis signals. The color
copier 300 1s equipped with pseudo IDX generating circuit
12!, image memory 13, controller 15", image processing sec-
tion 16, communication section 19, sheet feeding section 20,
operation panel 48, image forming section 60" and image
reading unit 102 which are all connected to controller 15".

The pseudo IDX generating circuit 12' 1s caused to gener-
ate first and second MST-IDX signals each of which 1s a basis
signal 1n the case of forming color 1mages on which a pre-
scribed cycle can be set freely. The pseudo IDX generating
circuit 12' generates, for example, the first MST-IDX1 signal
having the first cycle and the second MST-IDX2 signal hav-
ing the second cycle that 1s shorter than the first cycle. This
MST-IDX1 signal 1s used to form images on the front face of
a sheet and the MST-IDX2 signal 1s used to form 1mages on
the rear face of a sheet.

The controller 15" has ROM 53, RAM 54 and CPU 55", In
this example, the pseudo IDX generating circuit 12' generates
MST-IDX1 and MST-1IDX2 signals, and CPU 55" determines
image forming start timing on the other surface of sheet P1 or
on a surface on one side of the next sheet P2, based on
MST-IDX1 signal and MST-IDX2 signal, then, it further
establishes cycles of MST-IDX1 signal and MST-IDX2 sig-
nal, and executes simultaneously rotation speed change con-
trol and phase change control 1n each color image forming

before and after magnification correction, based on MST-
IDX1 signal or MST-1IDX2 signal.

The image forming section 60" 1s connected to the control-
ler 15". The image forming section 60" has image writing
umts 3Y", 3M", 3C" and 3K" respectively for Y-color,
M-color, C-color and K-color, and it inputs 1image data Dy,
Dm, Dc and Dk for Y-color, M-color, C-color and K-color
from 1mage memory 13 for Y-color, M-color, C-color and
K-color, and operates to form 1mages on the prescribed sur-
face of sheet P based on MST-IDX1 or MST-IDX signal,
selection control signals SS1 and SS2, CNTPRD signal and
PHASE signal. Incidentally, those having the names and sym-
bols which are the same as those in the first and second
embodiments have the same functions, thus, explanation for
them will be omaitted.

FIG. 15 1s a block diagram showing an example of con-
figuration of image writing unit 3Y" for Y-color image form-
ing extracted from FIG. 14 and 1ts peripheral circuit. The
image writing unit 3Y" for Y-color image forming shown 1n
FIG. 15 1s connected to crystal oscillator 11, pseudo IDX
generating circuit 12' and CPU 55",

What 1s different from the second embodiment 1s that the
pseudo IDX generating circuit 12' generates MST-IDX1 sig-
nal and MST-IDX2 signal based on CLLK1 signal. The CLK1
signal 1s outputted from crystal oscillator 11 to the pseudo
IDX generating circuit 12' and polygon drive CLK generating
circuit 39Y.

In this example, CPU 55" establishes cycles for MST-
IDX1 signal and MST-IDX2 signal, and executes phase con-
trol with a basis of an output value of an umllustrated IDX
counter circuit. For example, the polygon drive CLK gener-
ating circuit 39Y 1s equipped with an unillustrated selector
which selects MST-IDX1 signal or MST-IDX2 signal based

on selection control signal SS1.
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The CPU 55" outputs the selection control signal SS1 to the
polygon drive CLK generating circuit 39Y based on a
sequence program. The selection control signal SS1 1s estab-
lished before the start of plane phase control of polygon
mirror 427Y. In the same way, the CPU 55" outputs selection
control signal SS2 to timing signal generator 40" based on the
sequence program. The selection control signal 852 1s gen-
crated based on a control command that indicates image
forming on the rear face or tray switching, and 1s established
before an 1mage tip signal (heremaiter referred to as VIOP
signal) rises. The VTOP signal is a signal for synchronizing
conveyance timing with image forming timing for sheet P.

In this example, each of selection control signals SS1 and
SS2 shows respectively selection of the front face or tray 1,
for example, at a low level (heremafter referred to as “L”
level), and selection of the rear face or tray 2 at a high level
(heremaftter referred to as “H” level). By doing this, a fre-
quency of YP-CLK signal to be supplied to polygon motor 36
for Y-color can be controlled by CPU 35" independently of
other image forming units 10M, 10C and 10K respectively for
M-color, C-color and K-color.

The aforesaid pseudo IDX generating circuit 12 1s con-
nected with timing signal generator 40" that determines
image forming start timing for Y-color image forming. When
forming 1mages on the front face, the timing signal generator
40" selects MST-IDX1 signal or MST-IDX2 signal outputted
from pseudo IDX generating circuit 12', based on VIOP
signal and selection control signal SS2 outputted from CPU
53", and counts the number of pulses of the MST-IDX1 signal
or MST-IDX2 si1gnal to determine image forming start timing
for Y-color image forming on the front face of the sheet, based
on the number of counted pulses. Concurrently with the deter-
mination of the image forming start timing for Y-color image
forming, image forming start signal (hereinafter referred to as
STT signal) 1s outputted to Y-VV creating circuit 41Y.

TheY-VV creating circuit 41Y counts the number of pulses
of YIDX signal based on STT signal outputted from timing
signal generator 40", and creates sub-scanming etffective are
signal (hereinafter referred to as YVV signal) based on the
number of counted pulses. The YVV signal 1s outputted to
image memory 83 for Y-color image forming.

Further, the timing signal generator 40" selects the MST-
IDX1 signal or MST-1DX2 signal outputted from pseudo IDX
generating circuit 12', based on, for example, VIOP signal
and selection control signal SS2 outputted from CPU 55"
immediately before image forming on the rear face, and
counts the number of pulses of MST-IDX1 signal or MST-
IDX2 signal to determine image forming start timing for
Y-color image forming on the rear face of the sheet, based on
the number of counted pulses. Concurrently with the deter-
mination of the image forming start timing for Y-color image
tforming, ST'T signal (1mage forming start signal) 1s outputted
to Y-VV creating circuit 41Y.

TheY-VV creating circuit 41Y counts the number of pulses
of YIDX signal based on STT signal outputted from timing
signal generator 40", and creates YVV signal for Y-color
image forming on the rear face of the sheet based on the
number of counted pulses. The YVV signal 1s outputted to
image memory 83 for Y-color image forming.

Further, polygon drive CLK generating circuit 39Y" 1s
connected to crystal oscillator 11, pseudo IDX generating
circuit 12 and CPU 5%', and 1t operates to creates polygon
drive clock signal (YP-CLK signal) for Y-color image form-

ing, based on YIDX signal, CLK1 signal, MST-IDX signal
and Y-CNTPRD signal.
When forming images on both the front face and the rear

face, Y-CNTPRD signal 1s outputted from CPU 55" to poly-
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gon drive CLK generating circuit 39Y. YIDX signal 1s out-
putted from index sensor 38Y to polygon drive CLK gener-
ating circuit 39Y. MST-IDX1 signal and MST-IDX2 signal
are outputted from pseudo IDX generating circuit 12 to poly-
gon drive CLK generating circuit 39Y". FIG. 10 1s to be
consulted for an example of internal configuration of the
polygon drive CLK generating circuit 39Y". In the mean
time, since each of other image writing units 3M', 3C' and 3K
has also the configuration and function which are the same as
those 1n the foregoing, descriptions for them will be omaitted.

In this example, an explanation has been given by 1nclud-
ing crystal oscillator 31, pixel CLK generating circuit 32,
horizontal synchronizing circuit 33, PWM signal generating
circuit 34, polygon drive CLK generating circuit 39Y", tim-
ing generator 40" and Y-VV generating circuit 41Y 1n the
image writing unit 3Y". However, the invention 1s not limited
to this, and these circuit elements may also be included n
image processing section 16 or in controller 15" for the con-
figuration.

Next, an example operations of color copier 300 will be
explained. Each of FIGS. 16(A)-16(0) 1s a time chart show-
ing operation examples before and after magnification cor-
rection control of the color copier 300. In this example, when
switching between the front face and the rear face of the sheet
for image forming, 1mage forming start timing for the rear
face of sheet P 1s determined based on MST-IDX1 signal and
MST-IDX2 signal, and rotation speed control and phase con-
trol for polygon mirrors 42Y-42K for respective colors are
executed simultaneously. In that case, rising timing of YP-
CLK signal on the rear face of the sheet 1s determined.

In FIG. 16(0O), T1 shows a period during which the start
timing for each o1 YVV signal, MVV signal and CVV signal
in the case of image forming on the front face 1s determined
with MST-IDX1 signal serving as a count source. Inciden-
tally, a width (W width) of the sub-scanning eflective area of
cach oI YVV signal, MVV signal and CVV signal in the case
of 1mage forming on the front face i1s determined by using
actual YIDX signal, MIDX signal and CIDX signal obtained
from 1index sensor 38Y. As a basis IDX signal 1n the case of
controlling speed and phase of polygon mirror 42Y, MST-
IDX1 signal or MST-1IDX2 signal 1s used, one after the other.

Further, 1n FIG. 16(0), T" shows a period of time to deter-
mine start timing of each of YVV signal, MVV signal and
Cvv signal 1n the case of forming 1images on the rear face, with
MST-IDX2 signal serving as a count source. In the mean
time, a sub-scanning effective area width (W width) of each
of YVV signal, MVV signal and CVV signal 1n the case of
forming 1images on the rear face 1s determined by using actual
YIDX signal, MIDX signal and CIDX signal obtained from
index sensor 38Y. MST-IDX2 signal 1s used as a basis IDX
signal 1n the case of controlling speed and phase of polygon
mirror 42Y.

In this example, color toner images formed on intermediate
transier belt 6 are conveyed in the sub-scanning direction in
the order of K-color, C-color, M-color and Y-color. Therefore,
in the image forming units 10Y, 10M, 10C and 10K, images
are formed in the order of Y-color, M-color, C-color and
K-color. In each of image writing units 3Y", 3M", 3C" and
3K", speed control and phase control are executed under the
basis of pseudo MST-IDX1 signal or MST-1IDX2 signal.

With respect to STT signal (1image forming start signal) for
Y-color image forming 1n the case of forming 1images on the
front face, start timing for YVV signal 1s determined by
inputting those latched by MST-IDX1 signal in Y-VV gener-
ating circuit 41Y of image writing unit 3Y", and by counting
them. YVV signal 1s created by counting YIDX signal of
image writing unit 3Y", with this STT signal (image forming
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start signal) for Y-color image forming that serves as a basis.
A description will be given as follows by dividing into three
occasions mcluding the case of 1mage forming on the front
face, the case of switching between the front face and the rear
face and the case of 1image forming on the rear face.

Image Forming on the Front Face

Under these operation conditions, VTOP signal (1image tip
signal) showing image forming on the front face in FIG.
16(A) rises in synchronization with MST-IDX1 signal at time
t1 shown in FIG. 16(N), and these VTOP si1gnals are outputted
from CPU 55" to timing signal generators 40" for image
forming of respective colors, Y-VV generating circuit 417,
M-VV generating circuit 41M, C-VV generating circuit 41C
and K-VV generating circuit 41K.

After that, the number of pulses of MST-IDX1 signal

shown 1n FIG. 16(N) 1s counted 1n the timing signal generator
40", and STT signal for Y-color image forming (hereinafter
referred to as SST-Y signal) rises at time t2 shown 1n FIG.
16(D). This STT-Y signal 1s an image forming start signal that
indicates the start of 1mage forming on the front face for
image forming unmit 10Y for Y-color image forming. This
ST'T-Y signal falls at time t3, and turther, the number of pulses
of MST-IDX1 signal 1s counted based on ST'T-Y signal 1n
Y=VV generating circuit 41Y which starts YVV signal at
time t4 shown 1n FIG. 16(E).

For example, 1n Y-VV generating circuit 41Y, MST-IDX1
signal outputted from pseudo IDX generating circuit 12' 1s
selected based on VTOP si1gnal outputted from CPU 55" and
on “L” level selection control signal S52, and the number of
pulses of YIDX signal 1s counted based on VTOP signal to
create Y VV signal for Y-color image forming on the front face
(sub-scanning effective area signal for Y-color image form-
ing) based on the number of counted pulses.

YVV signal shown in FIG. 16(E) 1s outputted to image
memory 83 for Y-color image forming. In this case, horizontal
synchromizing circuit 33 shown 1n FIG. 15 operates to detect
horizontal synchronizing signal Sh based on YIDX signal to
output to PWM signal generating circuit 34. YIDX signal
shown 1n FIG. 16(F) 1s outputted from index sensor 38Y for
Y-color image forming to horizontal synchronizing circuit 33

and 1s outputted to polygon drive CLK generating circuit
397",

The PWM signal generating circuit 34 operates to input
horizontal synchronizing signal Sh and 1mage data Dy for
Y-color image forming, and to modulate the image data Dy in
terms of pulse width to output laser drive signal Sy for Y-color
image forming to LD drive circuit 35. The LD drive circuit 35
drives laser diode based on the laser drive signal Sy so that
laser beam LY for Y-color image forming having prescribed
intensity 1s generated to radiate toward polygon mirror 42Y.

Further, the polygon drive CLK generating circuit 39Y™"

creates YP-CLK signal based on YIDX signal, CLK1 signal,
MST-IDX1 signal, MST-1IDX2 signal, Y-CNTPRD signal and
“L” level selection control signal SS1.

Motor drive circuit 37Y drives polygon motor 36Y based
on Y P-CLK signal. The polygon motor 36 Y operates to rotate
polygon mirror 42Y. A laser diode connected to the motor
drive circuit 37Y radiates laser beam LY, and the laser beam
LY is oscillated by the rotation of polygon mirror 42Y for the
main scanning for photoreceptor drum 1Y that rotates 1n the
sub-scanning direction. Through this main scanning, an elec-
trostatic latent image 1s written on the photoreceptor drum 1Y.
The electrostatic latent image written on the photoreceptor
drum 1Y 1s developed with toner member for Y-color image
tforming. A Y-color toner image on the photoreceptor drum 1Y
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1s transferred onto intermediate transter belt 6 that rotates 1n
the sub-scanning direction (primary transier).

Then, the number of pulses of MST-IDX1 signal 1s counted
even 1n the course ol Y-color image forming, and MV'V signal
rises at time t5 shown 1n FIG. 16(H) in order after the image
forming start signal for M-color 1mage forming shown 1n
FIG. 16(G) (STT-M si1gnal) rises based on MST-IDX1 signal,
then, CVV signal shown in FIG. 16(J) rises at time t6 after the
image forming start signal for C-color image forming shown
in FIG. 16(1) (STT-C signal) rises based on MST-IDX1 sig-
nal, and KVV signal rises at time t7 shown 1n F1G. 16(L) after
the 1mage forming start signal for K-color image forming
shown 1 FIG. 16(K) (STT-K signal) rises based on MS'T-
IDX1 signal. The atoresaid processing 1s carried out even 1n
cach of image writing units 3M", 3C" and 3K" respectively
for M-, C- and K-color image forming. When YVV signal
falls at time t8 shown in FIG. 16(FE) after Y-color image
forming has been completed, control for changing a rotation
speed and a phase 1s executed 1n 1image writing unit 3Y" based
onYIDX signal shown in FIG. 16(F) for Y-color image form-
ing on the rear face of a sheet.

Switching Between Front Face and Rear Face

In this example, CPU 55" outputs selection control signal
SS1 to polygon drive CLK generating circuit 39" based on a
sequence program, and executes control of rotation speed and

phase of polygon mirror 42Y forY-color based on MST-1IDX1
signal or MST-IDX2 signal. For example, Y-CNTPRED sig-
nal and Y-PHASE signal are established for image writing
unmit 3Y" from CPU 35". In the image writing unit 3Y" on
which the Y-CNTPRED signal and Y-PHASE signal are

established, falling of Y V'V signal 1s detected at time t8 shown

in FIG. 16(E) and selection control signal SS1 1s started up to
“H” level at time t9 shown i FIG. 16(b). This “H” level

selection control signal SS1 1s outputted from CPU 55" to
polygon drive CLK generating circuits 39Y", 39M", 39C"

and 39K" for respective colors, together with frequency con-
trol signal Sg.

In the polygon drive CLK generating circuits 39Y", if the
examples shown 1n FIG. 11 and FIG. 12 are applied, phase
difference P2' between MST-IDX1 or MST-IDX2 signal after
magnification correction control and YIDX signal for Y-color
image forming 1s calculated based on the aforesaid expres-
sion (3) by mputting therein counter output value N1 of
YP-CLK signal before magmfication correction control,
counter output value N2 of YP-CLK signal after magnifica-
tion correction control, phase difference P1' between a count
base point of IDX counter circuit in pseudo index generating
circuit 12', namely, rising time {21 of MST-IDX1 signal or
MST-IDX2 signal and rising time t23 of YIDX signal for
Y-color image forming, and phase control amount AP of
polygon mirror 42Y.

Together with the foregoing, in the polygon drive CLK
generating circuits 39Y", count base point E2' of counter
circuit 43Y for the Y-color image forming on the rear face of
a sheet (next page) before magnification correction control 1s
calculated based on the atoresaid expression (4) by inputting
therein phase difference A1’ between rising time t21 of MST-
IDX signal shown in FIG. 11(A), namely, a count base point
of IDX counter circuit 401 and rising time 122 of YP-CLK
signal shown i FIG. 11(D), namely, a count base point of
IDX counter circuit 401 and a count base point of counter
circuit 43Y for Y-color image forming, phase difference A2
between a count base point (time t31) of IDX counter circuit

401 shown 1n FIG. 12(B) and a count base point (time t32) of
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counter circuit 43Y for Y-color image forming and counter
base point E1' for Y-color image forming before magnifica-
tion correction control.

By the calculation stated above, rising timing of YP-CLK
signal on the rear face of a sheet can be determined. In the
polygon drive CLK generating circuits 39Y", YP-CLK signal
for forming 1mages on the rear face which has been created
and phase-adjusted based on count base point E2' of counter
circuit 43Y 1s outputted to polygon motor 36Y. The same
processing ol calculation 1s carried out even for each of other
image writing units 3M", 3C" and 3K".

Image Forming on the Rear Face

In this example, 1n the case of 1image forming on the rear
face of a sheet, CPU 535" starts up a signal of image forming
ontherear face of a sheet (VTOP signal) based on MST-IDX2
signal, and counts the number of pulses of MST-IDX2 signal
based on the VTOP signal to determine start timing for image
forming on the rear face of a sheet based on the number of
counted pulses. Further, processing ol Y-color image forming
on the rear face of a sheet 1s started after waiting for stabiliz-
ing time Ty" for the rotation of polygon mirror 42Y to be
stabilized, from the change of rotation speed of polygon
motor 30Y.

When MVYV signal falls after M-color image forming 1s
completed at time t10 shown 1n FIG. 16(H) rotation speed
change and phase change are controlled in 1mage writing unit
3M". In this example, M-color image forming on the rear face
of a sheet 1s started at time t17 after waiting stabilizing time
Tm" for the rotation of polygon mirror 42M to be stabilized,
from the change of rotation speed of polygon motor 36 M.

Further, when CVV signal falls after C-color image form-
ing 1s completed at time t12 shown 1n FIG. 16(A), rotation
speed changes and phase changes are controlled in 1image
writing umt 3C". In this example, C-color 1mage forming on
the rear face of a sheet 1s started at time t18 after waiting for
stabilizing time T'¢" for the rotation of polygon mirror 42C to
be stabilized, from the changes of the rotation speed of poly-
gon motor 36C.

Further, when KVV signal falls after K-color image form-
ing-1s completed at time t16 shown in FIG. 16(L), rotation
speed changes and phase changes are controlled in 1image
writing unit 3K". In this example, K-color image forming on
the rear face of a sheet 1s started at time t19 after waiting for
stabilizing time Tk" for the rotation of polygon mirror 42k to
be stabilized, from the changes of the rotation speed of poly-
gon motor 36K.

As stated above, color copier 300 relating to the third
example 1s equipped with pseudo IDX generating circuit 12,
and rotation speed changes and phase changes of a polygon
mirror 1n each color image forming before and after magni-
fication correction are controlled simultaneously, based on
MST-IDX1 signal and MST-IDX2 signal. Under this assump-
tion, when Y-color image forming 1s a basis, phase difference
P2' between MST-IDX1 signal or MST-IDX2 signal after
magniﬁcation correction control and YIDX signal for Y-color
image forming 1s calculated based on expression (3) in image
writing unit 3Y" where Y-CNTPRED signal and Y-PHASE
signal are set from CPU 55". Together with this, the 1mage
writing unit 3Y" 1s caused to calculate count base point E2' of
counter circuit 43Y for the Y-color image forming after mag-
nification correction control based on the expression (4)
explained earlier. Calculation 1s carried out in the same way as
in the foregoing, even for each of 1mage writing units 3M"-
3K".

Theretfore, a period of stabilizing time for the rotation of
cach of polygon mirrors 42Y-42K to be stabilized can be
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shortened, compared with a conventional system, because
both speed control and phase control can be executed simul-
taneously for each of polygon mirrors 42Y, 42M, 42C and
42K.

Owing to this, a decline of productivity of operations for
magnification correction control can be restrained even in the
case of applying MST-IDX1 signal and MST-IDX2 signal,
which greatly contributes to continuous high speed process-
ing actions for color images. In other words, even when
executing operations for magnification correction control, the
same productivity as 1n the occasion of executing no opera-
tions for magnification correction control can be secured,
because 1image forming for a succeeding tray 2 can be started
alter waiting for a fixed stabilizing time from a termination of
image forming for the tray 1.

Possibility of Utilization 1n the Industrial World

The present invention can be applied extremely preferably
to a black and white and color digital multitunctional
machine equipped with copying functions, facsimile func-
tions and printer functions and to a copier.

In the first embodiment of the image forming apparatus
relating to the mvention, there 1s provided a controller that
executes simultaneously control for changing rotation speed
of the polygonal mirror rotator for changing 1image size in the
sub-scanning direction and control for correcting a correction
amount for color registration error depending on correction of
magnification for image sizes, and for adjusting a rotating
phase of the polygonal mirror rotator depending on a correc-
tion amount for color registration error after the correction,
when forming 1images by correcting magnification in terms of
image sizes by one page umnit.

Owing to this configuration, 1t 1s possible to shorten a
stabilizing time during which the rotation of the polygonal
mirror rotator 1s stabilized, compared with an occasion
wherein speed control and phase control of the polygonal
mirror rotator are carried out 1n succession. Due to this, a
decline of productivity 1n correcting operations for image
s1zes can be controlled, which contributes greatly to continu-
ous high speed processing of color images.

In the second embodiment of the image forming apparatus
relating to the ivention, there 1s provided a controller having
a calculating section for correcting 1image sizes by one page
unit, and this calculating section calculates a rising edge and
a falling edge of drive clock signals that control a rotation
speed of the polygonal mirror rotator for the succeeding page
based on an amount of phase control calculated by correcting
an amount of correction of color registration errors depending
on an amount of magnification adjustment, an output value of
a counter that 1s provided independently of each color for;
determining a cycle of drive clock signal and 1s controlled
independently, a phase difference between the first main
scanning basis signal immediately before conducting magni-
fication correction for image sizes and the second main scan-
ning basis signal and on a phase difference between a base
point of a count cycle of the counter for generating drive clock
signal of the polygonal mirror rotator and a base point of a
count cycle under the condition of count cycle after correction
of magnification for 1mage size.

Owing to this configuration, 1t 1s possible to shorten stabi-
lizing time during which a rotation of the polygonal mirror
rotator 1s stabilized, because speed control and phase control
of the polygonal mirror rotator can be carried out simulta-
neously, compared with a conventional method. Due to this, a
decline of productivity in correcting operations for image
s1zes can be controlled, which contributes greatly to continu-
ous high speed processing of color images.




US 7,567,264 B2

43

In the third embodiment of the 1mage forming apparatus
relating to the mnvention, there 1s provided a controller having
a calculating section for correcting 1mage sizes by one page
unit, and this calculating section calculates a rising edge and
a falling edge of drive clock signals that control a rotation
speed of the polygonal mirror rotator for the succeeding page
based on an amount of phase control calculated by correcting,
an amount of correction of color registration errors depending
on an amount of magmfication adjustment, an output value of
a counter that 1s provided independently of each color for
determining a cycle of drive clock signal and 1s controlled
independently, a phase difference between the first main
scanning basis signal immediately before conducting magni-
fication correction for image sizes and the second main scan-
ning basis signal and on a phase difference between a base
point of a count cycle for generating pseudo index signals and
a base point of a counter cycle for generating drive clock
signals of the polygonal mirror rotator for each color unait.

Owing to this configuration, 1t 1s possible to shorten stabi-
lizing time during which a rotation of the polygonal mirror
rotator 1s stabilized, because speed control and phase control
of the polygonal mirror rotator can be carried out simulta-
neously, compared with a conventional method. Due to this, a
decline of productivity in correcting operations for image
s1zes can be controlled, which contributes greatly to continu-
ous high speed processing of color images.

What 1s claimed 1s:

1. An 1image forming apparatus for forming color images
comprising at least two or more colors, having a function of
magnification correction of 1image size by one page unit, the
image forming apparatus comprising:

an 1mage carrier;

a polygonal mirror rotator independently provided for each
color, wherein a latent image 1s formed by an exposure
beam scanned by the polygonal mirror rotator and the
latent 1mage 1s developed to be a color image; and

a controller which conducts first control for changing rota-
tion speed of the polygonal mirror rotator in order for
changing image size 1n a sub-scanning direction perpen-
dicular to a main scanmng direction, and second control
for correcting a correction amount for color registration
error depending on magnification correction of 1mage
s1ze, and for adjusting a rotating phase of the polygonal
mirror rotator depending on the corrected correction
amount for color registration error;

where the main scanning direction 1s a direction 1n which
the 1mage carrier 1s scanned with an exposure beam
coming from the polygonal mirror rotator

wherein the controller conducts the second control simul-
taneously with the first control, not by waiting until the
rotation speed of the polygonal mirror rotator stabilizes
after an execution of the first control;

wherein the controller comprises:

a color registration error detecting section which detects
color registration error on each color image formed on
the 1mage carrier;

a color registration error correcting section which cor-
rects the color registration error depending on an
amount of the color registration error obtained from
the color registration error detecting section;

an oscillator which generates a basis clock signal;

a counter which 1s provided and independently con-
trolled for each color and which counts the basis clock
signal to determine a drive clock signal that controls a
rotation speed of the polygonal mirror rotator; and
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a calculating section which executes (1) and (2) below:

(1) calculation of a count cycle of the counter corre-
sponding to a cycle of the drive clock signal for
controlling the rotation speed of the polygonal mir-
ror rotator based on the magnification correction of
1mage S1ze;

(2) calculation of counter values corresponding to a
rising edge and a falling edge of a drive clock signal
controlling a rotation speed of the polygonal mirror
rotator for a succeeding page, based on an amount
of phase control calculated by correcting an
amount of color registration error correction after
correction by the color registration error correcting,
section depending on an amount of magnification
correction,

on an output value of the counter provided and indepen-
dently controlled for each color to determine a drive
clock signal cycle that controls a rotation speed of the
polygonal mirror rotator,

on a phase difference between a first main scanning basis
signal generated by detecting an exposure beam
scanned by the polygonal rotator for a first color
image forming unit immediately before conducting
magnification correction for image sizes with a sensor
arranged 1n a scanning optical path and the second
main scanning basis signal generated by detecting an
exposure beam scanned by the polygonal rotator for a
second color 1mage forming unit with a sensor
arranged 1n a scanning optical path,

and on a phase difference between a first base point
difference and a second base point difference,
wherein the first base point difference 1s a difference
between a count cycle base points of the counter for
generating a drive clock signal of the polygonal mir-
ror rotator of the first and second color image forming
units 1mmediately before conducting magnification
correction for image size and the second base point
difference 1s the difference of the count cycle base
point after the magnification correction for image
S1ZE,

wherein the controller executes polygonal mirror rotator
drive control 1n a case of magnification correction for
image sizes by the drive clock signal, which 1s generated
based on the calculated drive clock signal cycle and the

calculated counter values corresponding to the rising
edge and the falling edge of the drive clock signal.

2. The image forming apparatus of claim 1, wherein the
controller executes a rotational phase control of the polygon
mirror rotator with a basis of the counter for generating a drive
clock signal of the polygonal mirror rotator for the first color
image forming unit.

3. The image forming apparatus of claim 1, further com-
prising a magnification correction section to correct an image
s1ze by one page unit, wherein the magnification correction
section comprises:

a rotation speed changing section to change the rotation
speed of the polygonal mirror rotator according to a
magnification adjusting amount 1n a sub-scanning direc-
tion; and a pixel clock frequency changing section to
change a pixel clock frequency according to a rotation
speed-changing amount of the polygonal mirror rotator
and to a magnification adjusting amount in a main-scan-
ning direction.
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4. The image forming apparatus of claim 1, further com-
prising a yellow color image forming unit, a magenta color
image forming unit, a cyan color 1image forming unit, and a
black color image forming unat.

5. The image forming apparatus of claim 1, further com-
prising an intermediate transier belt, wherein color 1images

46

made on the 1mage carrier are transferred to form superposed
color images onto the intermediate transfer belt, and the

superposed color images are collectively transferred onto a
recording sheet.
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